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FOREWORD 


The ‘Science Base’ is defined in this report as the research and research training supported by 
the resources of the five Research Councils! and by the resources awarded to Higher Education 
Institutions (HEIs) by all other sources — including the Universities Funding Council (UFC), 
the Polytechnics and Colleges Funding Council (PCFC), Government departments, other 
public sector organisations, industry and other private bodies such as charities and overseas 
organisations. 


In the United Kingdom (UK), much of the research contributing to the Science Base is carried 
out in HEIs, with the appropriate support of central facilities. Research is also undertaken in 
the Institutes and Laboratories of the Research Councils. International science, particularly 
within the European Community (EC), is of growing importance to the Science Base in the 
UK. However, the value of international scientific collaboration depends crucially on the 
presence of an adequate national effort in the field of interest. 


This report concentrates on the national Science Base and in particular on the research carried 
out in the university institutions of the UK. The report does not include a study of Science 
Base research conducted in Polytechnics and other Higher Education Colleges. Research in 
these institutions was the subject of a separate study by the PCFC in September 1990. 


The data used in the compilation of this report were accurate as of November 1990 and do not, 
therefore, reflect the 1991/92 and 1992/93 public expenditure settlements. The broad effect of 
the settlements is, however, reflected in the discussion. 


In the course of the final preparation of this report the Government announced, in April 1992, 
the creation of an Office of Science and Technology (OST). The OST, which is headed by the 
Chief Scientific Adviser, assumed responsibility for the science budget and the five Research 
Councils. As a result of these changes in responsibility for science the former Department of 
Education and Science (DES) became the Department for Education (DFE), with responsiblity 
for the UFC. Under the Further and Higher Education Act 1992, the UFC (and the PCFC) 
will be succeeded, on 1 April 1993, by a Higher Education Funding Council for England, a 
Higher Education Funding Council for Wales and a Scottish Higher Education Funding 
Council. 


‘Agricultural and Food Research Council (AFRC); Economic and Social Research Council (ESRC); 
Medical Research Council (MRC); Natural Environment Research Council (NERC); Science and 
Engineering Research Council (SERC). 
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Summary of findings and recommendations 


1. Over the past ten years or so, there have been considerable changes in the funding and 
organisation of academic science in the UK. Industry and charities now support a much larger 
share of research in HEIs than they did in earlier decades. This increase has been accompanied 
by a rapid growth in the number of short term research posts in universities. Over the same 
period, total funding for the Science Base has increased significantly in real terms. Despite these 
increases, however, budgets for Science Base research remain under pressure. 


2. There has been,a rapid growth in scientific opportunities and hence in the volume of 
research which HEIs would wish to undertake. In addition, the costs of undertaking advanced 
research at the frontiers of knowledge have risen faster than general inflation. As a consequence, 
the flexibility of HEIs to adapt to changing research needs and their ability to maintain the 
essential base for the support of research has been reduced. 


3. Financial problems have been exacerbated by the failure of HEIs to identify and recover the 
full costs of sponsored research. This has been a factor in prompting the Committee of Vice 
Chancellors and Principals (CVCP) to review the costing of research in universities and the, 
then, DES to propose changes in the structure of research funding in HEIs by the Research 
Councils. 


4. The Science Base has, for a number of years, found itself undertaking too much research for 
the available funding. It is essential that action is taken to address this imbalance and that future 
academic research is conducted on a sound financial basis. A number of measures will be 
required to remedy the present situation. 


5. In drawing up the recommendations which follow, we have been guided by the principle 
that HEIs should know and account for the full costs of the research that they undertake. They 
may then choose what research, if any, they are able to support from their own resources. 


6. Our main recommendations are: 


Costs of research 
6.1 Further to the recommendations made by the Hanham Committee, the Higher 
Education Funding Councils should urgently promote the introduction of standard bases for 
cost accounting in HEIs that will enable more informed decision making in relation to the 
costs of research. 


6.2 Government departments, industry and charities should generally meet the full costs of 
the research they sponsor — with the exception of some research of mutual interest which 
HEIs are able partially to support from their own resources, and which should be separately 
accounted for and disclosed. 


Science Base funding 
6.3 In addressing the imbalance between funding and workload for the Science Base a 
combination of increased priority setting and greater selectivity, together with the provision 
of extra funding, will be required. 


6.4 The Government should build on the 1992/93 public expenditure settlement by 
providing extra funding for the Science Base in future years, above the increase necessary to 
keep pace with inflation. 


6.5 Although a large proportion of these extra funds should be allocated by the Research 
Councils, a significant fraction should be used to enhance the research funding element of 
the Higher Education Funding Councils’ grants to enable HEIs to rebuild a firm foundation 
for Science Base research and to continue their restructuring process. 


6.6 The Higher Education Funding Councils and the HEIs should ensure that the 
additional funds are used to improve the support given to existing staff and facilities, rather 
than to employ more researchers, and are allocated on the basis of the quality of the research 
undertaken. 


6.7 The Higher Education Funding Councils should encourage greater university—industry 
interactions by further increases in the size of the research funding element which is related 
to the level of industrially funded research. 


6.8 The Government should consider what measures can be taken to enable the HEIs and 
the Research Councils to plan more effectively for the Science Base in the longer term. This 
might include increasing the reserve that the Research Councils might carry forward to the 
following year, and the use of explicit common assumptions about future inflation and the 
Government’s spending plans. 


Careers in research 
6.9 The HEIs should promote a better career structure for academic researchers in science 


and technology. 


Greater salary differentials may be necessary to attract and retain outstanding scientists. 
Further thought needs to be given to career options which will enable promising young 
scientists to establish themselves in fields which will offer them the greatest scientific 
opportunities and, where appropriate, provide the necessary experience for a subsequent 
move to industry. 


6.10 The levels of postgraduate awards should continue to be kept under review by the 
Research Councils. 


1 Introduction 


7. Science and technology make a major contribution to the well-being of all developed 
countries. No nation can hope to succeed in solving its technical and industrial problems 
without an adequate supply of highly trained scientists and technologists. Their contribution to 
the intellectual standing of the country, its industrial base and its infrastructure is immense. 


8. Scientific and technological knowledge alone is not enough. It must be intelligently applied 
if it is to prove its value. But without it we shall not be able to compete internationally and 
sustain, let alone improve, our living standards. A significant measure of this country’s well- 
being will come from the reinvestment into scientific research of the financial benefits arising 
from its application. 


9. Substantial changes have taken place over the past ten years in the planning and conduct of 
academic science. The purpose of this ACOST study was to examine the effect of these 
changes and to make appropriate recommendations. The membership and terms of reference 
of the Study Group can be found in Appendix 1. 


Background 


10. The conduct of science 1s international and becoming increasingly so. The knowledge base 
itself is widely, almost universally, accessible. All civilised countries nevertheless recognise the 
need for a strong national Science Base. Through this they contribute to world knowledge and 
are able to access this universal knowledge base more effectively. The research groups which 
form the Science Base provide the training ground for scientists who may later carry out and 
manage research in industry. 


11. Since basic research is in the nature of a public good, in the UK and elsewhere, it has 
largely been funded by Government. Spending constraints, as part of a wider policy of 
containing public expenditure, have had an effect on the level of research support and there 
have as a consequence been calls from the academic community for increased support from 
Government. 


12. In addition, the Government has sought improvements in the management of research 
resources which are aimed at securing greater value for money from the sums currently 
invested. As a result, radical processes of change and adaptation have been required at a time 
when growth in resources has been limited and competition has remained strong. 
Opportunities as well as fields of interest have also multiplied, especially in the life sciences. 


13. All these factors have put increasing strains upon the resources of the Science Base and 
upon those involved. The consequent problems which are most often perceived by researchers 
are considered in section 4 and Appendix 3. 


14. Others have argued that at least some of the research community’s dissatisfaction is the 
inevitable result of rapid changes in the nature and organisation of science itself. For two 
hundred years science has enjoyed a continuously expanding horizon of developments and 
opportunities. Many scientists who have experienced periods of rapid growth in funding have 
found it difficult to come to terms with the limits that now constrain it. Such disappointments 
are likely to continue until the full possibilities of sustaining dynamic research programmes 
within constrained resources come to be appreciated. 


The Changing Pattern of Academic Science 


15. As the Chairmen of the Advisory Council for Applied Research and Development 
(ACARD) and the Advisory Board for the Research Councils (ABRC) indicated in their 1986 


report on “The Science Base and Industry”, the rapid expansion in science funding which 
occurred in this century levelled off in the mid-seventies. The ensuing constraints led to 
demands for more selectivity in the support of research. At the same time, increased concern 
was voiced about the UK’s ineffectiveness in exploiting its basic research. HEIs were therefore 
encouraged to seek closer collaboration with industry. 


16. Since then the growth in support from industry and charities for university based research 
has been encouraging. In many cases it has required from academic staff a more externally 
focused approach in their research objectives in order to fulfil a more specific remit. The 
support from industry is not confined to research. A report by The Council for Industry and 
Higher Education (CIHE) indicates that teaching attracts greater support than research, student 
sponsorship alone attracting about £,76m. 


17. Another significant development has been the concentration of research workers into 
groups, often as a result of the growth of more demanding techniques necessitating large 
instruments and the teams to run them. The work undertaken by such groups often calls for a 
mixture of scientific research and technological development and requires a broad range of 
skills not found within a single discipline. 


18. This collective activity is not limited to large-scale research, for example the European 
Organisation for Nuclear Research (CERN), but also occurs in subjects such as microbiology, 
where increasingly sophisticated apparatus is needed to pursue new scientific opportunities. 
The larger groups are able to employ specialised facilities in a more efficient way. Wide-ranging 
interactions with other scientists and other disciplines are also often essential for progress. These 
trends are reflected in the rise in the number of multi-authored papers and were the main 
reasons for the establishment of Interdisciplinary Research Centres. 


2 ‘Trends in the UK Science Base 


19. The ACOST Study Group commissioned the Science and Engineering Policy Studies 
Unit (SEPSU) to collect information on the changes in funding and manpower of the Science 
Base over recent years. All numbered Figures and Tables refer to the SEPSU Report which is 
attached as Appendix 2. Detailed information on polytechnics was not included because a study 
of the level of research in this sector had recently been undertaken by the PCFC. Although 
growing markedly it is, as yet, small compared with that in the university sector. The Further 
and Higher Education Act 1992 removed the “binary line” between universities and other 
HEIs. In principle, this should enable polytechnics and other colleges to compete on a more 
equal basis for Research Council funds. 


20. The report shows that the income of the Science Base from all sources increased by 32% 
in real terms in the eleven years from 1977/78 to 1988/89. DES funding of the Science Base 
increased in real terms over the same period by some 16%. 


21. As the report makes clear, both of these real increases are based on calculations using the 
Gross Domestic Product (GDP) deflator to compensate for the average annual effects of 
inflation. This approach is adopted throughout this paper since it is general Government 
practice. However, the GDP deflator may not be the most appropriate factor to apply to 
specialised activities such as research. An alternative is the Universities Pay and Prices Indicator 
(UPPI) which covers activities other than research but nevertheless more accurately reflects 
universities’ (and other HEIs’) costs. Since these costs have increased faster than the general rate 
of inflation, use of this indicator gives a less favourable view of trends in the funding of the 
Science Base. For example, on this basis, funding by the DES over the period 1977/78 to 
1989/90 only slightly increased purchasing power. Other GDP deflator funding trends quoted 
in this report overestimate the increases in terms of actual purchasing power. The variation in 
the income of the UK Science Base from DES sources, adjusted by the GDP deflator and the 
UPPI index, is shown in Figure A (data from Table 2.3). 


22. The part of the Government grant to the UGC/UFC? which has supported the Science 
Base is estimated to have increased by 13% in real (GDP deflator) terms between 1977/78 and 
1988/89 but this increase was expected to be lost by 1991/92. However, in UPPI terms the 
purchasing power of the grant actually decreased by 3%. However, there are some uncertainties 
in the estimation of the UFC grant for future years and the figures (Table 2.4) should therefore 
be viewed with some caution. The same comment applies to Figure A, where the error bars 
show the effect of a 10% variation in the UFC forward estimates. 


23. The Science Budget (essentially the income of the Research Councils from the DES) 
increased by some 19% in real (GDP deflator) terms between 1977/78 and 1988/89. Again, in 
UPPI terms the increase was only 1%. 


24. The research income of the universities, excluding UGC contributions but including 
contributions from the Science Budget and other sources, has increased by 96% in real (GDP 
deflator) terms between 1980/81 and 1988/89 (table 2.7). This is due partly to the increased 
contributions from the Research Councils and Government departments, but more particularly 
to a steep increase in research funding from industry and charities. Increased funding from these 
sources, whilst welcome, may have attached constraints for the universities, being selective in 
academic discipline, and in some cases favouring applied over basic research. As discussed later, 
in many cases the funding has also not covered the full costs of the research it was intended to 
support. ° 


2 Since 1 April 1989, by virtue of the Education Reform Act 1988, the Universities Funding Council (UFC) 
has administered funds made available by the Secretary of State for Education and Science for the provision 
of education and the undertaking of research by universities. Previously the Secretary of State was advised 
on the distribution of funds by the University Grants Committee (UGC). 
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Figure A - UK Science Base Income from 
DES sources adjusted by GDP and UPPI 
indices (1977/78 = 100) 
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Source: SEPSU Table 2.4 


25. The number of full-time university staff (all subjects) funded from UGC/UFC sources has 
declined by 5% since 1977/78, but the number of (primarily short term) staff supported from 
other funds has increased by 138% over the same period. Expenditure on technical support staff 
has decreased by 13% in real terms between 1980/81 and 1989/90 (tables 4.2 and 3.9). The fact 
that this decrease has accompanied an increase in researchers is a continuing source of 
operational difficulties. 


26. The research funding per head of university academic staff, both long and short term, 
involved in Science Base research increased in real (GDP deflator) terms by 19% for the period 
1981/82 to 1988/89 (table 5.2). However, these apparently encouraging figures conceal the 
fact that the research spending of the greatly increased numbers of short term staff, who are 
primarily engaged in research rather than teaching and supervision, is likely to be very 
considerably higher than that of permanent staff. 


27. The proportion of science and engineering graduates with first class degrees who 
subsequently pursue careers in research has decreased over the period. There has been a large 
rise in the proportion following careers in commerce (table 5.4). 


3 International Comparisons 


28. Comparative data, prepared by the Organisation for Economic Co-operation and 
Development (OECD), on research and development (R&D) expenditure in the higher 
education sector (HERD)’, expressed as a percentage of GDP are shown in figure B. 


Figure B - HERD as a percentage of GDP 
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29. Among the major world economies the UK has one of the lowest HERD: GDP ratios 
for the period 1981/82 to 1988/89. Figure C indicates that the DES contribution to this ratio 
has declined significantly since 1981/82, and is projected to decline further’. 


30. The ABRC has also conducted a detailed survey of Government funding of the science 
bases in a number of competitor countries. The results shown in Figure D indicate a significant 
decline in the UK position since 1975. 


3 The definition of HERD differs slightly from our definition of the Science Base and from that used in the ABRC studies 
mentioned above, but nevertheless includes funding of research in HEIs from Government, industry and non-profit making 
bodies. The ABRC study, which is confined to Government funded research, analysed further the activities of various HEIs and 
arrived at a different partition of teaching and research from that adopted by the OECD. This explains the numerical difference 
in Figures B and D. Figure C was drawn from a different data series which is tabulated in table 2.2. 
4 As previously, the error bars show the effect of a 10% variation in the UFC forward estimates. 
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Figure C - UK Science Base Funding from 
DES sources as a proportion of GDP 
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Figure D - Expenditure of various 
governments on academic and related 
research as a percentage of GDP 
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31. Such statistics are open to a number of interpretations and should be treated with caution. 
Furthermore, a full analysis would require comparisons not only of inputs but also of the 
processes that are funded and the outputs they achieve. Nevertheless, the UK appears to devote 
a smaller share of its resources to academic science than do most of its leading competitors. 


32. Ima recent paper that draws on the ABRC survey data, Martin et al have attempted to 
make limited international comparisons of funding by discipline. These are based on averages 
for each of several subjects for the UK, the former West Germany, France and The 
Netherlands. Figure E indicates that Government funding per capita in the UK is average for 
engineering, above average in the fields of computing and mathematics and environmental 
sciences but significantly below average for the physical and life sciences. 


Figure E - Deviations in UK funding from 
European average by field (1987 data) 
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4 Discussion 


33. Some of the main anxieties expressed by the scientific research community are now 
examined in the light of the findings of the SEPSU study. Others are considered further in 
Appendix 3. 


The adequacy of funding 


34. As indicated in Section 2, funding for the Science Base increased significantly in real 
terms in the eleven years from 1977/78 to 1988/89. But, despite these increases, budgets for 
Science Base research remain under pressure. We think there are three main reasons for this. 


35. First, the costs of undertaking advanced research at the frontiers of knowledge using 
sophisticated equipment have risen faster than general inflation. 


36. Second, there has been a rapid growth in scientific opportunities and hence in the volume 
of scientific research which HEIs and individual scientists have either tried to undertake or 
would wish to undertake. 


37. Third, and perhaps most important of all, it has been assumed until now that the 
UGC/UFC funding would cover substantially all universities’ indirect research costs. As a 
result, the Research Councils and charities have generally not been expected to pay the full 
costs of the research they sponsored; and Government departments have generally declined to 
do so, despite Government policy to the contrary. Industry has also been reluctant to pay full 
costs even of contracted research. As indicated in paragraph 24, the level of research support 
from these sources increased by 96% in real terms between 1980/81 and 1988/89. However, 
the element of UGC/UFC funding allocated on research related criteria has not matched this 
growth. In consequence, the proportion of universities’ resources devoted to underpinning 
externally sponsored research has increased leaving less available for self-directed research 
endeavour. 


The UGC/UVFEC contribution to research funding 


38. Over the period covered by the study, the UGC/UFC funding of universities was in the 
form of a block grant which, in principle, each university could spend as it chose. The figures 
in table 2.4 are derived by assuming that, on average, some 38% of resources (ie block grant 
plus home student fees) was for research, a figure which is consistent with the results of a 
number of surveys. These surveys have a number of limitations, but they suggest that the 
overall percentage has not varied substantially during the last twenty years. It is nevertheless 
recognised that there are large variations in the percentage, as between subjects (and between 
universities). For example, UGC estimates, based on peer judgement, range from 50% in 
physics to 20% in dentistry. 


39. Within the dual-funding system for research the purpose of the UGC/UFC block grant 
has been to fund the ‘well-found laboratory’. More specifically it was intended to cover the 
following items needed to enable universities to create a firm foundation for Science Base 
research: 


(a) the salaries of the academic staff who direct and lead the research and part of the salary 
costs of technical and other assistance; 


(b) the recurrent costs of buildings in which the research is done (including their services 
and maintenance) and the associated library facilities; 


(c) the cost of consumables, as well as much of the apparatus to be looked for in a well- 
found laboratory; 
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(d) the appropriate share of the costs of central administration of the university; 
(e) many of the costs, other than maintenance, of research students; and 


(f) | “seed-corn” funding to support new research at an early stage of development. 


40. Resources for such well-found laboratories are now severely constrained for the reasons 
indicated in paragraphs 35 and 36 and more particularly in paragraph 37. The material and 
service items in the list in paragraph 39, ie buildings, maintenance, consumables and apparatus 
have borne the brunt of the resulting financial pressure. Staff costs, on which there is greater 
reluctance (and it is more difficult) to effect savings, were protected. The exceptions to this 
were technical staff and, to some extent, secretarial staff, where the natural turnover is higher 
and savings can be made by not filling vacancies. 


41. ACOST is particularly concerned about this weakening of the firm foundation for 
Science Base research which the UGC/UFC grant was intended to provide and the 
consequently reduced scope for universities to support seed-corn research at an exploratory 
stage, before it is sufficiently developed to attract grants. Regrettably, there is little information 
about these trends in research spending at the laboratory level. 


42. Following a consultative paper issued by the DES in January 1990, the Government has 
started to modify the dual support boundary by transferring to the Research Councils 
responsibility for funding all the costs of the projects which they sponsor, except for the salaries 
of academic staff who contribute only part of their time to the project and also the costs of 
general premises. 


43. As part of the preparation for this change, joint studies by the CVCP and ABRC 
estimated that, on average, universities have contributed from their other resources a further 
24% of the value of grants towards the direct costs of Research Council projects, and a further 
41% of direct staff costs towards the indirect costs of these projects. 


44. In general, universities treat funding from charitable foundations in the same way as 
Research Council grants (as does the UFC in assessing the research element of general 
university funds). It is therefore likely that similar additional funding has been provided by 
universities for these grants. 


45. The shift of the dual support boundary, together with better definitions of the 
responsibilities of the Research Councils and the UFC, will go some way towards clarifying the 
organisational ambiguities that have contributed to the funding difficulties discussed above. It 
will not provide a total solution, and in particular will not increase research resources. 


46. Further to this, under the Further and Higher Education Act 1992, the Government has 
removed the “binary line” between universities and other HEIs, and the UFC and PCFC are 
to be succeeded by a Higher Education Funding Council for England, a Higher Education 
Funding Council for Wales and a Scottish Higher Education Funding Council. This will 
further increase competition among HEIs for research funds. 


The proposed expansion of higher education 


47. One other development with potential consequences for Science Base research is the 
proposed expansion of higher education which might, if not adequately funded, result in a 
reduction in the resources which HEIs devote to research. However, the Government has said 
that it will take account of student numbers in setting the level of future teaching funds. The 
shift from flat rate to differential tuition fees from Autumn 1991 will also help to ensure that 
teaching in the more expensive science subjects is properly funded. 


Recovery of research costs 


48. As noted above, universities have not recovered anything like the total of indirect costs 
they have incurred in undertaking research for industry, charities, and Government 
departments. The rate of recovery for these costs in 1988/89, as estimated by the UFC from 
the standard Universities’ Statistical Record (USR) returns made by all universities, ranged 
from zero to 60% of direct costs, the median lying at about 14%. Although some universities 
are making strenuous efforts to recover their full costs, most are falling far short of what is 
necessary. 


49. The UFC have estimated that every 1% shortfall in the recovery rate nationwide 
represents a loss of over £2m. This damaging development may account for the deeply felt 
perception amongst universities that their greatly improved success in attracting private sector 
research funding has, gone hand in hand with their greater impoverishment. 


50. Improvements in most recovery rates are being made. One important exception is in 
recovery rates for EC supported research, which are declining. 


Flexibility of Research Council funding 


51. As new areas of scientific study emerge, there is a continuing need to invest in new 
laboratories and facilities as well as in the pioneers and future exponents of this science. It is a 
long term investment and must be treated as such if the UK is to enjoy the benefits that will 
ensue. There are doubts that there is sufficient flexibility of funding within the Research 
Councils to allow both a rapid response to new developments and the maintenance of a 
diversity of long term programmes in key areas. 


52. The House of Lords Select Committee on Science and Technology has drawn attention 
(3rd Report 1990-91) to the fact that short term spending cuts fall unduly heavily on new 
projects, new grants and studentships, because the longer term commitments of the Research 
Councils consume such a large proportion of their budgets. 


53. International collaboration, for instance, offers many benefits to scientists, particularly 
those engaged in large-scale projects. However, the inviolate nature of commitments to 
international collaborative programmes (and the adverse effect of exchange rate fluctuation) 
can have, and has had, a direct effect on the funds available for other research grants. 


54. The limited ability of the Research Councils to carry forward funds from one year to 
another was also criticised in the Select Committee’s Report. It was felt that this could 
encourage the Research Councils to overcommut themselves financially in order to avoid a 
possible loss of funds at the end of the year. In its response (Cm 1609), the Government replied 
that the carry-forward arrangements for recurrent expenditure are the same as for other non- 
Government public bodies, and that payment in advance of need would contravene Treasury 
public accounting procedures. 


55. There may, however, be a case for accruing notional reserves which the Research 
Councils could accumulate for major projects and which could be drawn down when required. 
Alternatively, an increase in the contingency provision held by the ABRC might serve a similar 


purpose. 


56. Measures which would encourage long term planning within the Research Councils, and 
the means to implement the plans would bring a welcome degree of stability to academic 
science. 


57. The Research Councils have to plan within the Government’s announced expenditure 
plans, supporting their highest priority activities within the indicative spending allocations 
given them for future years. They also develop supplementary plans for lower priority activities 
that they would support if more funds were to be made available. These planning approaches 
are increasingly effective and might be developed further with explicit common assumptions 
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about future inflation, and greater clarity about the Government’s spending plans. In parallel, 
some easing of the restrictions discussed above governing the transfer of Research Council 
funds from one year to another might enable more consistent allocation of funds to key areas. 


58. The Research Councils’ task would be eased if greater reliance could be placed on the 3- 
year forward planning figures for the Science Budget which are announced in each public 
expenditure round. The figures for years 2 and 3 have often under-estimated subsequent 
expenditure settlements, and have committed Research Councils to plan for unnecessarily large 
research cuts. This is both wasteful and demoralising for the scientific community. Realistic 
forward planning figures are vital if Research Council planning is to be carried out efficiently 
and effectively. We therefore welcome the fact that the forward planning figures for 1993/94 
and 1994/95 announced in the 1991 Autumn Statement show a rising trend in real terms 
expenditure since this suggests that these planning figures are more realistic than they have 
sometimes been in the past. 


Short term research assistants 


59. The total number of full time academic staff funded from all sources in 1989/90 was 22% 
higher than in 1977/78 (table 4.2). However, the number of full-time staff funded from 
UGC/UFC funds (ie essentially long term staff) fell by 5% during the same period. The actual 
loss since 1980/81 is some 3000 posts. 


60. Over the same period, there has been a very substantial increase in short term 
appointments funded by other sources such as Research Councils, charities and industry. These 
have increased by 138% across all subjects. In science, short term posts have increased from 22 
to 42% of all staff. For engineering, the figures are similar. Short term staff are invariably young 
and 86% of them are carrying out full-time research. There has been an increasing tendency, 
particularly in engineering, for Doctor of Philosophy (PhD) students to take salaried research 
assistant posts in preference to less remunerative studentships. This trend, coupled with the 
increase in external funding of research, has been an important factor in the growth of academic 
staff on short term appointments. 


61. The rapid expansion in the number of researchers on short term contracts is one of the 
most striking trends over the last ten years. Many of the researchers go from one short term 
contract to another, and there is increasing concern over the lack of credible career patterns. 


Changing research patterns 


62. Changing research patterns can have implications for funding, the organisation of HEIs, 
and the careers of researchers. 


63. For example, the trend towards equipment-centred groupings can lead to the equipment 
becoming a heavy burden on departmental budgets, if the number of UFC-funded staff using 
the equipment starts to decline and less is contributed towards its maintenance. 


64. Large scale shifts towards the problem-oriented research often supported by charities and 
industry also necessitate more interaction between scientific disciplines. This may entail 
significant re-organisation in the HEIs committed to such work. 


65. In addition, as priorities for research change, some groups or individuals may need to 
change their field of endeavour. At the personal level this requires recognition that individual 
researchers are of more value for their innate and cultivated skills of scholarship and research 
discipline than for the contribution that they may make to an obsolescent field of study. Those 
that do not respond to the new needs will experience increasing difficulties and frustration, 
ascribing their problems to inadequate resources rather than a failure to adapt. 


5 Conclusions and Recommendations 


Introduction 


66. We have examined trends in the funding, staffing and expenditure of the Science Base 
over recent years. It has been difficult to obtain reliable data in some areas, particularly those 
relating to actual expenditure on research. For this reason, our analysis (and discussion 
generally) is focused on funding, rather than expenditure. 


67. A healthy, independent, and diverse Science Base is essential to the long term economic 
and social welfare of the nation. As well as developing and exploring new concepts, it 
undertakes the training of the skilled scientists and engineers of the future, and provides a 
channel for the import of new ideas. Because of the spontaneous nature of scientific discovery, 
HEIs should be largely free to determine their own strategies for managing the funds at their 
disposal, taking into account their individual strengths and weaknesses and embodying their 
particular concerns for academic science. On the other hand, the Government needs to identify 
and protect the national interest by stimulating, when necessary, further activity in key areas. 
This may warrant action by departments in the form, for example, of the establishment of new 
LINK programmes. There is also a natural consequence that growth in some areas may 
necessitate decline in others. 


68. Over the last ten years, HEIs have endeavoured to adapt to their changed circumstances 
by adopting new working patterns, cutting costs and diversifying their sources of income. Over 
the same period, total funding for the Science Base has increased significantly in real terms. But 
despite these increases, budgets for Science Base research remain under pressure. One reason is 
that the costs of undertaking advanced research at the frontiers of knowledge have risen faster 
than general inflation. There has also been a rapid growth in scientific opportunities and hence 
in the volume of research which HEIs have either tried to undertake or would wish to 
undertake. These problems have been exacerbated by the inadequate recovery of costs incurred 
in the conduct of growing areas of sponsored research. 


69. We believe that the Science Base has, for a number of years, found itself undertaking too 
much research for the available funding. It is essential that action be taken to redress this 
imbalance between funding and workload, and that future academic research is conducted on 
a sound financial basis. This will require either a considerable reduction in workload, through, 
for example, increased priority setting, greater selectivity and increased international 
collaboration, or the provision of extra funding. In practice, elements of both will be necessary. 
We therefore welcome the fact that the Funding Councils are already moving in the direction 
of increased selectivity in Science Base funding. 


Funding provided by industry, Government Departments and charities 


70. In view of the growing role of external, especially industrial, support for their research 
programmes, several HEIs have appointed specialist staff to manage this, now large, additional 
business. Such staff may be responsible for the negotiation of contracts, for industrial links, for 
liaison with major funding bodies such as the EC and even for the management, though not 
the direction, of the larger research groups. Such staff have a major part to play in recovering 
indirect costs. 


71. Sponsors (including Government departments) must expect increasingly to pay a greater 
proportion of the costs of the research performed on their behalf by HEIs. Sometimes, part of 
the costs may be met in kind, by patronage or by allowing other research lines to be pursued. 
Nevertheless the full significance of the cost implications of these factors should be identified 
by HEIs for the contracts they enter into. 
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72. As academic researchers gain more contact with their counterparts in industry, they 
develop common interests. Industry may then wish also to contribute to research which the 
HEIs are already undertaking or planning to undertake. In such cases, HEIs might wish to set 
their own policy on charges. Again, the real costs should be identified and the consequences of 
only partial recovery, for the rest of the academic community, should be made clear. To aid 
this process, HEIs should establish transparent procedures for internal resource distribution. 


73. In order to support a coherent system that funds the true costs of research, we 
recommend that, with the exception of some research of mutual interest which universities 
are able partially to support from their own resources, Government departments, industry and 
charities should generally pay the full costs of the research they sponsor. 


74. Further, we recommend that universities should disclose information on all research 
which they take on at less than full cost. 


75. We welcome the new arrangements whereby the Research Councils will also pay the full 
costs of the research they fund in HEIs, apart from academic salaries and general premises costs. 


76. The universities have been given some encouragement to interact with industry by the 
UFC funding formula which includes an element related to the level of contract research. 
However, this element has, until recently, been small. We therefore welcome the UFC’s 
announcement, in February 1992, that the element is to be increased. We recommend that 
the HEFCs should continue to keep under review the scope for encouraging greater 
university-industry interactions by further increases in the size of the research funding element 
which is related to industrially funded research. Such a larger element should not be seen as a 
subsidy for industry which should, as discussed above, be expected generally to pay full costs. 
On the contrary, it should be regarded simply as providing an incentive for universities to work 
more closely with industry. It is also an important contribution to providing key university 
groups with the resources necessary to support successful bids for undertaking sponsored 
research. 


77. Even with such enhanced incentives for universities to undertake research for industry, it 
is possible that the volume of research in universities which is funded by industry will decline 
when industry is expected to pay full costs. But we do not see this as an argument against fill 
costs being charged. A strong level of university-industry interaction is highly desirable. But 
such interactions are most likely to be profitable when the university involved has particular 
skills, knowledge, expertise or facilities which can add value to industry’s own research efforts. 
Industry should not be using universities simply as a source of cheap research services. 


78. As for all other public expenditure, HEIs should become more accountable for their use 
of public funds. Significant advances in their procedures for financial management have been 
made over the last ten years. The recommendations of the Jarratt report are slowly being 
implemented and progress towards achieving increased accountability has been made. But 
further improvements are needed to enable shortcomings in charging policies to be recognised 
and corrected. In particular, the costing of projects is a relatively undeveloped activity in the 
UK and this has contributed to the widespread practice of charging research sponsors on a 
marginal basis. 


79. We recommend that the HEFCs urgently promote the introduction of standard bases 
for cost accounting that will enable more informed decision making in relation to the costs of 
research. Wherever possible the full costs of research activities should be identified. In the short 
term, this might involve the use of average figures in the assessment of overhead costs, but HEIs 
should go as far as possible towards identifying actual costs without creating undue 
administrative burdens. The important work done by the CVCP in this area should be fully 
considered. Compatibility with systems used by the Research Councils’ Institutes and 
Laboratories is also desirable, so that detailed comparisons of efficiency can be made. 


The differentiation between teaching and research costs 


80. An unintended consequence of developments over the decade has been the increased 
constraints on universities’ freedom to support research without grants from other agencies. 
The dual support system and the vagueness of accounting arrangements for research have 
obscured many of the problems of underfunding. The extent of cross-subsidisation between 
teaching and research is not known. If these two vital activities are to receive the support they 
deserve, then the true costs of what is done must be identified. We therefore welcome the 
efforts made by the UFC to differentiate between teaching and research elements of the UFC 


grant. 


Future Government funding 


81. The efforts which the Funding Councils are making to increase selectivity in Science 
Base funding and the proposals set out above, which are aimed at developing a coherent system 
that funds the true cost of research, will go a long way towards bringing Science Base resources 
and the Science Base workload back into balance. But we believe that some extra funding will 
also be needed to bring the Science Base back to a healthy state as rapidly as possible. We 
recommend that the Government should build on the 1992/93 public expenditure 
settlement by providing additional funding for the Science Base in future years, above the 
increase necessary to keep pace with inflation. Further arguments in support of such an increase 
are given in Appendix 4. 


82. We recommend that a large proportion of these extra funds should be allocated by the 
Research Councils but that a significant fraction should be used to enhance the research 
element of the HEFCs’ grants to enable universities to rebuild a firm foundation for Science 
Base research and to continue their restructuring process. 


83. We recommend that the HEFCs should allocate these additional funds on the basis of 
the quality of the research undertaken. Allocation thereafter would be a matter for individual 
HEIs. However, we would urge HEIs similarly to direct the funds towards departments, 
recognised research groups and individuals on the basis of research quality. 


84. Itis important that the extra funds are not used to employ extra researchers as this would 
lead to an even larger number of insufficiently supported staff, thus exacerbating the imbalance 
between funding and workload. We recommend that the HEIs and the HEFCs should take 
steps to ensure that the extra funds are used to improve the support given to existing staff and 
facilities. 


The career structure for academic researchers 


85. There has been a large increase in the number of short term researchers employed in the 
Science Base over the past decade. The rise in more staff intensive engineering grants explains 
part of the short term increase. It is also clear that many short term researchers have been 
recruited to carry out programmes contracted from industry and the charities. 


86. The appointment of short term research assistants to undertake a large fraction of the 
research being conducted by HEIs offers some advantages. It retains within the HEIs a large 
pool of highly intelligent, skilled people, the size of which can be readily adjusted to meet 
demand. The more senior of these research assistants have often assumed responsibilities similar 
to those borne by full-time academic staff. Research in HEIs also provides valuable training for 
those who intend to seek a career in industry; the number of career researchers, working on 
successive contracts should not, however, be permitted to prejudice the needs of industry and 
commerce for a continuing supply of trained recruits. 


87. Unfortunately, the build-up of this cohort of academic staff on temporary appointments 
has coincided with reduced opportunities to appoint permanent staff. The result has been 
increased uncertainty for the prospects of young scientists who might otherwise have 
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confidently contemplated academic careers. This represents a difficult problem which HEIs 
must address. 


88. In the light of these points, we believe that the present provisions for the salaries of young 
research staff should be reconsidered, and that greater thought should be given as to whether 
research assistants not destined for academic posts should be re-appointed. We recommend 
that HEIs should acknowledge full responsibility for tackling these points and should promote 
a better career structure for academic researchers in science and technology. Greater salary 
differentials may be necessary to attract and retain outstanding scientists. Further thought needs 
to be given to career options which will enable promising young scientists to establish 
themselves in fields which will offer them the greatest scientific opportunities and, where 
appropriate, provide the necessary experience for a subsequent move to industry. 


Post graduate awards 


89. The discrepancy between the levels of post graduate awards and commercial salaries has 
become too great and there are concerns that it may be affecting the recruitment of aspiring 
scientists in some disciplines. We recommend that this is kept under continuing review by 
the Research Councils. 


Long term planning 


90. Research is a long term endeavour, and as universities take greater responsibility for their 
own futures, they will need to plan their activities on a longer timescale than hitherto. The 
Research Councils, also, need flexible forward plans in order to meet changes in priorities and 
financial commitments that are sometimes not within their control. We recommend that the 
Government should consider what measures can be taken to enable universities and the 
Research Councils to plan more effectively for the longer term. This might include, for 
instance, increasing the reserve (or creating a notional reserve) that Research Councils can 
carry forward to the following year, and encouraging their longer term plans to be developed 
further with explicit common assumptions about future inflation, and greater clarity about the 
constraints of the Government’s spending plans. The Government should also continue to try 
to improve the accuracy of forward planning figures for the Science Budget. 
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I Introduction 


Objectives 


This report presents statistical data on the main characteristics of the UK Science Base. The 
‘Science Base’ is a term that in practice covers not more than 30% of total Government-funded 
R_ & D, or rather less than 15% of total UK R & D activity; our data therefore deal with only 
one part of R & D activity in the UK. This report is intended to document, statistically, some 
of the major structural developments in the Science Base over the last ten years. 


Definitions 


For the purposes of this report, ‘Science Base’ is defined as: 
— all research funded and/or performed by the five research councils, and 


— all other research performed by higher education institutions (HEIs). 


The usual definition of ‘Science Base’, restricted to research funded by the Department of 
Education and Science (DES) and performed by the research councils or HEIs, has thus been 
extended here to include commissions and contracts from non-DES sources. 


‘Science Base’ should strictly cover all higher education institutions. However, we have 
omitted polytechnics and colleges from this report, mainly because the relevant statistical data 
are not well enough established for trend analysis. A report published by the Polytechnics and 
Colleges Funding Council in September 1990 indicates that, across all disciplines, research 
expenditure in PCFC institutions grew from £56M in 1986/87 to £80M in 1988/89 (cash 
terms), or from £72M to £91M in 1990 (GDP deflator) pounds. Of the £80M, £60M was 
spent in mathematics, science and technology disciplines. 


Wherever possible, we have presented data for all years since 1977/78. Years are financial, 
academic or calendar, according to-context. Both clinical and non-clinical research are 
included in the data where appropriate, though in practice very little research in university 
engineering or science departments is classified as ‘clinical’. 


Research council accounting procedures have not been consistent in all categories over the 
whole of the time span, so it has not always been possible to show continuous trends in specific 
items of expenditure. In particular, over the last few years, the research councils have moved 
towards cost-centred accounting. Coupled with this is an on-going effort to standardize 
accounting procedures between research councils. There are still differences between research 
councils as to which items are included under certain expenditure heads, so it is not always 
valid to make direct comparisons of specific items of expenditure across the five research 
councils. 


We have not attempted to measure trends in the distribution of the Science Base effort between 
basic, strategic and applied research. Funding is not defined within these categories in the 
statistics available to us; indeed, it is not clear that it could usefully be so defined. 


So far as possible, data are accurate as at September 1990. Since that date, however, estimates 
of inflation have been revised upwards, from 4.75% to 6.0% for 1991/92 and from 3.5% to 
4.75% for 1992/93. This means that figures given in ‘real terms’ for income or expenditure in 
these years are overstated by 1.25%. 
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II Science Base Income 


(i) Interpretation of financial trends 


GDP deflator and UPPI 

To interpret trends in financial data, one must have a means of converting figures to a common 
base (e.g. 1990 pounds) so as to eliminate the effects of inflation from the observed trends. The 
Treasury enforces the convention that, in the context of public expenditure, this is done by 
means of the Gross Domestic Product (GDP) deflator. However, it is far from obvious that the 
GDP deflator, designed for the national economy as a whole, can give a valid account of a 
specialized activity such as scientific research. We have therefore also used, mainly for its 
convenience, the Universities Pay and Prices Index (UPPI) (formerly the “Tress Brown 
Index’); this covers other activities in addition to research, and it is based on actual expenditure 
(thus including incremental salary drift), but we have included it in some of the financial tables 
in order to emphasize how critically ‘real cost’ trends depend on the rules laid down for 
converting cash figures. 


The UPPI deflator is derived from measurements of expenditure, and does not include any 
projections of future expenditure. The GDP deflator does include future projections, based on 
Government forecasts of (or targets for) inflation in future years. These forecasts, however, 
almost certainly underestimate what will actually happen: for example, in March 1990 the 
official GDP estimate for inflation in 1990/91 was 6.5%, but by September 1990, the annual 
rate of inflation as measured by the Retail Price Index was running at 10.9%. ‘Real terms’ 
figures for income or expenditure given in this report for future years are therefore likely to be 
overstated. [Since this report was written, official forecasts for inflation have been revised 
upwards. See p.37 above.] 


Salary indices 

Table 2.1 compares the salary of the ‘typical’ university lecturer with various financial indices. 
The difference between UPPI and the GDP deflator appears to arise from salary increases, 
incremental drift related to an ageing population of university staff (see figure 4.2) and trends 
in non-salary items such as the costs of equipment used in universities. 


We would not argue that any one of these indices is ideally suited to the task of measuring 
trends in research costs. We would, however, point to the need to establish an agreed index of 
research costs as a basis for analysis of real trends. 


Science Base as % of GDP 

Another way of looking at ‘real’ costs is to compare, in cash terms, expenditure on the Science 
Base each year with the GDP that year. This indicates what proportion of national wealth is 
invested in the Science Base. As table 2.2 shows, that proportion increased between 1979/80 
and 1981/82, reaching 0.334%; it has declined almost continuously ever since, and current 
planning figures imply that it will reach 0.250% in 1992/93. 


(ii) Trends in Science Base income 


Science Base 
Table 2.3 shows trends in Science Base income from all sources, and table 2.4 shows trends in 
Science Base income just from DES sources. 


The total income of the Science Base from all sources increased in real terms between 1977/78 
and 1988/89, by 32% according to the GDP deflator or by 13% as measured by UPPI. This 
increase was stimulated by growth in income from non-DES sources, up from 19.7% of the 
total in 1977/78 to 29.4% of the total in 1988/89, with most of this growth occurring since 
1981/82. 


ay 
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The total income of the Science Base from DES sources rose by 19% in ‘real’ (GDP deflator) 
terms between 1977/78 and 1990/91, but is planned to fall by 6% by 1992/93. UPPI, 
however, gives only a 3% rise between 1977/78 and 1990/91. 


These income figures do not include research carried out in polytechnics and funded by sources 
other than the research councils. Such research has expanded significantly in recent years and 
in 1988/89 stood at 4% of total Science Base income from all sources. 


Science Budget 

The Science Budget (i.e. the money distributed by DES on the advice of the ABRC) increased 
by 33% in ‘real’ (GDP deflator) terms between 1977/78 and 1990/91. It is set to fall by 4% 
between 1990/91 and 1992/93; this figure, moreover, is based on predictions for inflation 
(4.75% in 1991/92 and 3.5% in 1992/93) that may prove to be too low, so at current planning 
figures the actual ‘real’ terms decrease may be greater than 4%. If the UPPI is used instead of 
the GDP deflator as a measure of ‘real terms’, there is 16% rather than 33% growth between 
1977/78 and 1990/91. 


Within this overall budget, individual research councils have been affected differently by 
changes in the distribution of funds. ESRC income from DES declined in ‘real’ (GDP deflator) 
terms by 4% between 1977/78 and 1990/91; the other four councils have all had ‘real’ terms 
increases, of varying amounts, since 1977/78. 


Universities 


The data on funds disbursed by the UGC/UFC in support of university research must be 
regarded as inherently very approximate, and figures have been rounded to the nearest £2.5M. 
But whatever their accuracy in absolute terms, UGC/UFC figures for research spend are 
calculated on a consistent basis from year to year and thus give reliable trends. The GDP 
deflator shows UGC/UFC funding for science and engineering research as rising in ‘real’ terms 
by 4% from 1977/78 to 1990/91 but as planned to fall by 9% between 1990/91 and 1992/93 
(exclusive of any transfer of funds to the research councils). The UPPI shows UGC support of 
university research not as rising, but as falling by 10% between 1977/78 and 1990/91. 


(iii) Sources of income 


Research Councils 


Trends in each research council’s sources of income are shown in table 2.5. There are 
substantial differences between the research councils in the proportion of their total income 
derived from Parliamentary Grant-in-Aid (PGA) via the DES. Within individual research 
councils, changes over the ten year period have been relatively modest. 


ESRC, SERC and MRC receive almost all their funds from the PGA. The proportion of 
ESRC’s total income derived from the DES has remained constant since 1977/78 at over 95%. 
SERC received 97.7% in 1977/78; a steady small increase in funding from outside sources 
decreased this proportion to 92.6% by 1988/89. With the back transfer of Rothschild money 
from the DHSS in 1981/82, MRC’s contribution from the DES rose to 95.3%. Since then 
there has been a slight reduction to 91.1%. 


NERC and AFRC each receive a substantial proportion of funding from sources other than 
the DES PGA. NERC’s allocation from the DES has risen since 1977/78 from around 60% to 
over 70%, while AFRC’s has oscillated in the 45% to 55% range. The proportion of AFR.C 
income derived from MAFF declined from a peak of 50.1% in 1983/84 to 40.6% in 1988/89. 


Table 2.6 gives further details of research councils’ income from Government sources other 
than the DES and from the European Community. In 1988/89 income from the EC, as a 
proportion of total non-DES Government plus EC income, stood at 19% for AFRC, 12% for 
MRC and 6% for NERC. 


Universities 

Table 2.7 charts the rapid increase in income secured by universities from research grants and 
contracts, i.e. from non-UGC sources. Research grants and contracts constituted 26% of total 
university income for research in all disciplines in 1977/78, and 44% in 1988/89. In ‘real’ 
(GDP deflator) terms, income from these sources grew at an average rate of 9.0% p.a. between 
1977/78 and 1988/89. The rate of increase has been slowest for income from research councils 
and Government departments, and most rapid for income from industry and charities. The 
distribution of non-UGC funding in 1988/89 was: 34% from research councils, 21% from 
charities, 15% from industry, 16% from Government and the remaining 14% from other 
sources. 


Departments of science, agriculture and engineering accounted for 55% of total expenditure 
from research grants and contracts in 1981/82, and 53% in 1988/89. Medical and related 
departments accounted for 35% of total research grants and contracts in 1988/89, and 
administrative, business and social studies accounted for 7%. 


The data in table 2.7 cover all disciplines. A similar breakdown of income by source for science 
and engineering only is not readily available. 


During the period 1981/82 to 1988/89, the annual growth in non-UGC research income for 
departments of science, agriculture and engineering averaged 9.0% in ‘real’ (GDP deflator) 
terms. For all disciplines combined, it averaged 10.1%. 


In table 2.8, income from research grants and contracts per FTE member of UGC-funded 
academic staff is shown for three cost centres. The data illustrate the generally rapid growth of 


such income. 


NB. Tables 2.1 to 2.8 give income received. The data may be different from expenditure data given in the 
next section. 
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Iii Distribution of Science Base Expenditure 


(i) Distribution of research council expenditure by broad disciplinary area 


The more closely disciplines are defined, the more difficult it becomes to allocate expenditure 
accurately among them. Therefore in table 3.1 we have analysed expenditure only under the 
broadest of headings, using the main categories employed by each research council. ESRC data 
are not amenable to this approach and have been omitted from this table. 


Trends to note includ¢ the expansion of the SERC Engineering Board at the expense of the 
Nuclear Physics and Astronomy, Space & Radio Boards; the decline in NERC Solid Earth 
research and the growth in Terrestrial Environment research; and the expansion of Food 
Science and Technology in AFRC. 


(ii) Postgraduate training 


Expenditure by the research councils on postgraduate training is analysed in table 3.2. 
Postgraduate training accounts for about 12% of total research council expenditure and has 
remained at about that level since 1977/78. SERC accounted for 60% of the total research 
council expenditure on postgraduate training in 1980/81 and 71% in 1988/89. Each research 
council allocates a different proportion of its own expenditure to postgraduate training. The 
AFRC allocates less than 1%, NERC expenditure has remained constant at about 6%, while 
the MRC has slightly reduced its proportion from 6.3% to 4.3%. Postgraduate training 
accounted for half of the total expenditure of the ESRC in 1977, but has since been trimmed 
to less than a third. 


(iii) Distribution of research council expenditure between HEIs and own 
establishments 


Support for HEIs 

There is considerable difference between the research councils in how they divide expenditure 
between HEIs and their own establishments, and in the nature of their HEI support (table 3.3). 
In addition to their expenditure on HEI research grants, postgraduate training and research 
contracts, the research councils also provide considerable support to universities through 
Research Units, closely integrated with universities, often with both research council funded 
and UFC funded staff, and through facilities made available for university use. 


Numbers of full-time academic staff in universities in Great Britain who are wholly funded by 
the research councils are given below; the data are taken from USR annual reports, volume III. 
For comparison with numbers of research council staff, see table 4.5. 


Numbers of full-time academic staff in GB universities wholly funded by research 
councils 


University staff funded by: 1986/87 1987/88 1988/89 
AFRC 318 284 328 
ESR 386 332 385 
MRC 1,229 1,231 1,305 
NERC 261 275 288 
SERC 3,582 3,530 3,427 
Total 5,776 5,657 5,733 
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AFRC and NERC devote the bulk of their expenditure to their own establishments, though 
the proportion allocated to HEIs has risen since 1977/78. By contrast, MRC and SERC 
allocate more of their budget to HEI support than to their own establishments. MRC’s funding 
of research units has continued at approximately double the allocation to its own 
establishments, and at a level similar to that for HEI support via research grants, postgraduate 
training awards and research contracts. 


ESRC does not have establishments similar to the other research councils, and, apart from 
some central expenses, all its funding has been allocated to HEI support, with a proportion 
going to Research Units until 1984/85. 


Facilities 

Both SERC and NERC provide facilities that are used by universities and other HEIs. SERC’s 
own establishments house equipment used predominantly by universities; examples are shown 
below. 


SERC facilities: 


1984/85 1985/86 1986/87 1987/88 

Nuclear structure facility 

% own time 10.8 17.6 16.8 13.9 
% HEI time 80.9 72.9 67.4 GES 
% other UK 0.0 0.0 0.0 0.0 
% overseas 8.3 o)RS' 15.8 18.6 
Central laser facility 

% HEI time 96.0 94.1 95.1 94.1 
Synchrotron facility 

% HEI time 89.2 86.0 88.6 79.3 


Percentage time allocation to universities of NERC’s Research Vessel Services has fluctuated 


between 20% and 45% over the period 1979/80 to 1987/88. Figures are given below. 


NERC Research Vessel Services 


79/80 80/81 81/82 82/83 83/84 
% own time 61.7 62.3 65.9 56.9 70.7 
% HEI time 38.3 Sit 34.1 neh 29.3 
% overseas - - — — - 
84/85 85/86 86/87 87/88 
% own time 80.3 55.9 65.1 Boat 
% HEI time 19.7 44.1 34.9 39.7 
% overseas - -— - Ta 


(iv) Distribution of SERC expenditure by type of activity 


Engineering Board 


Table 3.4 analyses the expenditure of SERC Engineering Board. The major item is research 
grants, which have increased in ‘real’ (GDP) terms nearly three-fold since 1977/78 and now 
account for about 70% of the Board’s net expenditure. Postgraduate awards account for most 
of the rest. The reduction of net expenditure on establishments is due mainly to increased 
receipts from the Information Technology Directorate and the Teaching Company Scheme. 
The largest shares of research grant expenditure are taken by information engineering, 
including ACME, (40%) and engineering processes (15%). 


Science Board 


A similar analysis of Science Board expenditure is given in table 3.5. Research grants now take 
the largest share, 36% of the total, with postgraduate awards at 26% and establishments (RAL 
and Daresbury) at 27%; these proportions have fluctuated somewhat since 1977/78. Of total 
research grant expenditure, the proportion going to biology (excluding biotechnology) has 
declined from a maximum of 35% in 1981/82 to 25% in 1988/89; the proportion going to 
chemistry has declined from a maximum of 43% in 1979/80 to 23% in 1988/89; and the 
proportion going to mathematics has grown from 3% in 1979/80 to 7% in 1988/89. 


(v) International subscriptions 


Subscriptions to international organizations have accounted for between 18% and 30% of 
SERC’s budget, the most costly subscriptions being those to CERN, ESA and ILL. MRC also 
subscribes to international organizations, the costs oscillating at around 2% of its budget. 
Figures are shown in table 3.6. For each research council the amount spent in ‘real’ terms and 
as a proportion of total expenditure declined towards 1981/82 and has since risen to near the 
1977/78 level. Trends in currency exchange rates will have contributed to the fluctuation in 
subscription costs. 


(vi) University expenditure on salaries 


Total expenditure 


Table 3.7 analyses university expenditure on salaries from general income (i.e. from income 
available for general purposes, excluding research grants and contracts and other sources of 
specific income). Table 3.8 provides similar information in respect of the three disciplines 
covered in part II of this report. 


Salaries and wages account for 64% — 70% of total recurrent expenditure from general income. 
The proportion has risen fairly steadily since 1982/83, but has now levelled off. Other things 
being equal, this implies a growing pressure on the consumables budget. In ‘real’ (GDP 
deflator) terms, total expenditure on salaries has increased by about 4% since 1980/81. 


For comparison, in eight AFRC institutes salaries and wages account for 66% of recurrent 


budget for 1989/90. 


Academic salaries 


Much the largest single element in total salaries expenditure is for academic staff, who now 
account for 57% of the total expenditure. Academic related, technical and secretarial & clerical 
staff each account for 10% — 14% of the total. The main trends since 1980/81 are a ‘real’ (GDP 
deflator) terms increase in salaries expenditure on academic related staff of 23%, and a decrease 
of expenditure on technical staff of 13%. 


From table 3.8 it is apparent that science and technology cost centres devote a smaller 
proportion of their general income to salaries of academic and academic related staff than the 
average for all cost centres. Science and technology cost centres budget for more technicians 
than other cost centres: they also spend more on non-pay items such as equipment and 
consumables. These latter items are most significant in biological sciences/biochemistry and 
least (out of the three disciplines shown) in mechanical engineering. In all three disciplines, 
there has in recent years been an upward trend in the proportion of general expenditure going 
on academic and academic related salaries. 


Trends in the salary paid to the 39 year old lecturer at the age-related point on his scale are 
given in table 2.1, discussed earlier in the context of inflation indices. The table shows 
academic salaries to have grown slightly faster than the cost of living since 1978/79. 
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Technician salaries 

The declining ‘real’ expenditure on technicians’ salaries has been mentioned already. Table 3.9 
shows this in another way, by comparing expenditure on technicians’ salaries with expenditure 
on academic and academic related salaries: the former have declined as a proportion of the latter 
from 20.4% in 1980/81 to 16.3% in 1988/89. Table 3.10 shows expenditure on support staff 
per FTE academic paid from general funds. For 1984/85 to 1986/87, ‘support staff means 
technical, clerical and secretarial staff, and expenditure per FTE academic has been fairly 
constant; the apparent rise in expenditure in 1987/88 is due to a broadening of the definition 
of ‘support stafP to include certain staff on academic related scales. 


(vii) Royal Society research grants scheme 


In response to concern about the decreasing availability of relatively small grants for scientific 
research the Royal Society in 1989 launched a scheme to provide grants of up to £10 000 for 
consumables and equipment. The total sum available in the first year was £1.925M, which was 
distributed in two rounds. In the first round, there were 564 applications totalling £4.6M. 242 
were graded alpha: of these 179 grants totalling £1.34M (30% of the sum applied for) were 
awarded, and the remaining 63 were carried forward for reconsideration in the second round. 


The average value of grants applied for was £8125. The average value of grants offered was 
£7525, with the top ten percentile averaging £9782 and the bottom ten percentile averaging 
£2878. There was little difference between disciplines in the average value of grants. The size 
distribution of grants is shown in figure 3.1. 


IV Manpower Aspects 


(i) Introduction 


This section deals with production by the Science Base of skilled researchers and with the 
demands of the Science Base for that same resource. Some of the tables address specific aspects 
of careers in academic research. 


The data in this section cover, as appropriate, all UK universities (many published statistics 
cover Great Britain only) and clinical and non-clinical staff combined. In the various disciplines 
detailed separately (engineering & technology, biological science etc), virtually all staff are 
classified as non-clinical. Many of the tables present separate analyses according to how 
academic staff are funded: those paid out of general university funds hold long-term posts, 
while the others hold short-term posts of at most five years. 


TECHNICAL NOTE 

With effect from 1984/85, the Universities Statistical Record (USR) changed its analysis of disciplines 
from 76 subject categories arranged in 9 subject groups, to 39 cost centres. Subject categories do not always 
fit neatly into single cost centres. There is therefore an unavoidable discontinuity in our data, though at 
aggregate level (e.g. engineering & technology; biological, physical & mathematical science) the 
discontinuity is not serious. 


A further discontinuity arose in 1984/85 from the merger of the New University of Ulster (Coleraine) 
with Ulster Polytechnic to form the University of Ulster; this added 500 full-time and 130 part-time 
academic staff to the statistics of UK universities. 


Details of how disciplines are defined are given in the notes to the tables. ‘Science’ means biological science, 
physical science and mathematics; ‘all subjects’ includes humanities, social science and medicine as well as 
science and engineering. 


(ii) Postgraduates 


Taught 

The total output of taught postgraduates in all subjects from UK universities increased by 80% 
between 1977 and 1988, with UK and overseas students increasing about equally rapidly (figure 
4.1). The output of taught engineering & technology postgraduates, however, increased by 
only 9%, with a drop of 12% between 1987 and 1988. The output of taught science 
postgraduates increased by 46% during 1977 — 1988, most of the increase occurring after 1983. 
In both science and engineering & technology, output of UK postgraduates increased more 
rapidly than overseas postgraduates. 


Research 

The output of research postgraduates has grown more slowly, with an increase of 30% between 
1977 and 1988. In this instance the growth rates for engineering & technology (27%) and 
science (23%) are closer to the average for all disciplines. The proportions of overseas research 
postgraduates (49% in engineering & technology, 25% in science) did not change greatly 
during 1977 — 1988. 


The total output from UK universities of research postgraduates in science and engineering in 
1988 was 5400, of whom one third were from overseas. This compares with an output of over 
20,000 science and engineering doctorates in the USA in 1988, one quarter of them foreign. 


Of taught postgraduates, science, engineering & technology together accounted for 35% of 


total output in 1977 and 25% in 1988; of research postgraduates, by contrast, they accounted 
for 58% in 1977 and 55% in 1988. 
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CNAA 

For comparison, the output of higher CNAA degrees from polytechnics and colleges is shown 
in table 4.1. The total output of CNAA research degrees in science and engineering in 1988 
was 442, or about 8% of the university output. This was 17% higher than the 1985 total. In 
1988, science and engineering accounted for 73% of CNAA research postgraduates. 


(iii) Staff numbers and structure 


Academic staff 
Data on numbers of full-time academic staff are given in table 4.2. The most notable points are 
as follows. 


— The total number of full-time academic staff in 1989/90, 49 390, is 22% greater than the 
number in 1977/78, and 12% greater than the number in post immediately preceding the 
1981 cuts. 


— The total number of staff grew between 1977/78 and 1989/90 by 38% for biological 
science, 39% for mathematics and computing and 32% for engineering & technology, but 
by only 4% in physical science and by 7% in agricultural and veterinary science. 


— The number of full-time staff funded wholly from general university funds (i.e. essentially 
long-term staff), however, has declined. At 31 340 in 1989/90, it was 5% below the 
1977/78 level and 9% below the 1980/81 level. The 1981 cuts led to the permanent loss 
of 3000 long-term academic posts. 


— The proportion of posts funded other than by general funds (typically short-term posts) has 
almost doubled, from 18.7% of total posts in all disciplines in 1977/78, to 29.8% in 
1984/85 and 36.5% in 1989/90. The actual number of such posts has more than doubled 
since 1977/78, with an average annual growth rate of 7.5%. It is the increase in this 
category that accounts for the increase in the total number of academic posts; it follows the 
increasing proportion of university research funded from non-UGC/UFC sources (table 
2.7). In science and technology disciplines, the proportion of short-term staff is higher than 
the average for all disciplines: for example, they constituted 22% and 42% of engineering 
staff, and 22% and 42% of science staff, in 1977/78 and 1989/90 respectively. The average 
annual growth rate of short-term staff in science and technology disciplines has been 7.3%. 


- Data on computer science separate from mathematics are available only from 1984. Some 
data on staff numbers in UK universities are given below, from which the rapid growth of 
computer staff since 1984/85 will be apparent. About 16% of mathematics staff and 36% 
of computing staff were on short-term contracts in the most recent year. 


1984/85 1988/89 
Mathematics 1,841 1,813 
Computing 1,001 527 


Short-term staff 
The increase in numbers of short-term staff needs further comment. Short-term staff have 
characteristics (apart from funding) that distinguish them from long-term staff. 


(a) As the age analysis in the next section shows, short-term staff are much younger than long- 
term staff. 


(b) About 86% of short-term staff are classified as research only, whereas 97% of long-term 
staff carry out both research and teaching {1984/85 data}. 


(c) Short-term staff are less likely than long-term staff to have a PhD. 


It might be thought that short-term staff were typically postdoctoral research assistants engaged 
for specific projects. In fact, as table 4.3 shows, the majority of short-term staff do not have 
PhDs, especially in the under 30 age group, and this has, if anything, become more the case 
since 1977/78. There has been an increasing tendency in recent years for PhD students to take 
salaried research assistant posts in preference to less remunerative studentships. This trend, 


coupled with the increase in external funding of academic research, is an important factor in 
the growth of academic staff on short-term appointments. 


Table 4.3 also shows that there has been a general increase across all fields in the proportion of 
long-term staff holding PhDs. The PhD is particularly evident in biological and physical 
science, less so in engineering and mathematics and markedly less so in the humanities and 
social sciences. 


Part-time staff 

Data on part-time academic staff are given in table 4.4. Numbers of part-time staff expanded 
rapidly during the period of implementation of the 1981 cuts, possibly as a result of full-time 
staff taking premature retirement and returning for one, two or three years on a part-time basis. 
Numbers then stabilized at a level slightly below the peak 1984/85 figure of 3495, roughly 
double that existing before the 1981 cuts; there was a further marked increase in 1988/89. The 
proportion of part-time staff doing research only (as opposed to both teaching and research) 
was fairly constant around 25% up to 1984/85, but then increased to 33% by 1988/89. 


Research councils 

The numbers of staff employed directly by research councils in their own institutes are given 
in table 4.5. The data are not always directly comparable between councils, but overall there 
has been a reduction of about 25% between 1980/81 and 1988/89. This reflects not only 
changes in the funding available to research councils but also removal of research institutes from 
research council control (e.g. the Plant Breeding Institute). 


(iv) Age profiles 


Long-term staff 

The age profiles of wholly university funded and, separately, of non university funded academic 
staff are shown in figure 4.2. For wholly university funded engineers, the main trends are a 
decrease in the proportion aged 35-39 (17.1% in 1982/83, 13.3% in 1988/89) and increases in 
the proportion under 30 (3.7% in 1982/83, 6.1% in 1988/89) or over 59 (5.1% in 1982/83, 
6.4% in 1988/89). To some extent these reflect recovery from the conditions prevailing in the 
wake of the 1981 cuts in university funding. An ageing population is more strongly evident 
among wholly university funded scientists: the proportion aged under 40 declined from 47.5% 
in 1977/78 to 27.7% in. 1988/89, while the proportion aged 45-49 rose from 13.4% in 
1977/78 to 21.1% in 1983/84 and then stabilized, the proportion aged 50-54 rose continuously 
from 10.4% in 1977/78 to 19.3% in 1988/89 and the proportion aged 55-59 rose from 5.9% 
in 1977/78 to 9.0% in 1981/82 before stabilizing. 


Short-term staff 

The age profiles of non university funded academic staff are very different, as one would 
expect. 55%-60% of non university funded engineers are aged under 30, and more than 20% 
are 30-34. There are few trends, though it is interesting to note that the proportion aged 40- 
44 rose from 2.9% in 1977/78 to 5.2% in 1988/89. As before, the trends are stronger among 
the scientists: the proportion aged under 30 declined from 64.4% in 1977/78 to 56.0% in 
1988/89, while the proportion aged 40-44 rose from 2.1% to 5.2%. In 1988/89 there were 797 
scientists and engineers aged over 39 on short-term contracts in UK universities, in contrast to 
just 216 in 1977/78. 


(v) Staff movements 


Sources of recruits 
The numbers of full-time academic staff recruited to the UK university system each year, and 
some of the sources from which they were recruited, are shown in table 4.6. 


The annual rate of recruitment to wholly university funded posts in the earlier years was around 


5% of the total number of such posts, dropped to half that immediately following the 1981 cuts 
and has since mostly recovered. The rate of recruitment to short- term posts was much higher, 
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around 30%, and was not significantly affected by the 1981 cuts. Apart from agriculture & 
veterinary science, the rate of recruitment in scientific and technological disciplines was 
consistently below the average for long-term posts and above the average for short-term posts. 


Recruitment to long-term posts in all disciplines from UK postgraduate courses and from UK 
educational institutions other than universities (i.e. mainly polytechnics) declined, particularly 
in science disciplines. 


Recruitment from overseas remained steady at around 17.5% of all recruits. A significant 
proportion of recruits from overseas would have been UK citizens: a study of migration 
published by SEPSU in 1987 found that 10% of scientists and engineers coming from overseas 
to take short-term academic posts, and 64% of those taking long-term academic posts, were 
UK citizens. Of recruits to short-term posts, almost half (and over half for science disciplines) 
consistently came from UK postgraduate courses. About 14% of all recruits to short-term posts 
(20% for science disciplines) came from overseas. Relatively few came from UK educational 
institutions other than universities. 


Table 4.7 shows the proportion of short-term staff who in any one year succeed in securing 
long-term academic posts. For all subjects combined this figure was initially 4-5%; it halved 
during implementation of the 1981 cuts but had recovered by 1984/85. It has subsequently 
dropped a little. A similar trend is observable if movements are expressed as a proportion of 
numbers already in long-term posts. There are considerable differences between disciplines. In 
relation to numbers in short-term posts, mathematicians are much the most likely to secure 
long-term posts, and biologists the least likely. In relation to numbers already in long-term 
posts, however, engineers and agriculturists appear to have the best chances of securing long- 
term posts. 


Destinations on leaving 

The destinations of staff leaving academic posts are analysed in table 4.8. The data on wholly 
university funded staff are distorted by the large scale retirements during 1982/83 and 1983/84. 
For staff leaving short-term posts, the most striking feature is the number going into (at least 
temporary) unemployment, up from 30% in 1977/78 to a steady 50% in the most recent years. 
The proportion going into UK industry has been fairly constant, and is twice as high for 
engineers (about 25%) as for scientists. 


Migration 
Data on migration of academic staff to and from the UK are given in table 4.9. There were 
substantial oscillations in the earlier years, but in every year since 1983/84 there has been a 
marked net inflow to the UK. Analysis of migration patterns by grade, however, shows a net 
outflow of staff in the reader/senior lecturer grades in almost every year. 

a 
The USR data on migration out of the UK refer only to staff who have held academic posts 
before leaving. They do not pick up those who leave without having been on a university 
payroll — e.g. research students who leave immediately after completing their PhDs. The 
SEPSU migration study found that, in science and engineering, about 9% of research students 
emigrated on completion of their PhDs, and that this group constituted 42% of total UK 
scientists and engineers emigrating from the academic sector. 


V Adequacy of Resources 


In this section we present data on non-research expenditure that may help to explain 
conflicting opinions regarding adequacy of resources. On the one hand, the Government 
claims to have increased the money available for research, whereas on the other the research 
community perceives growing pressure on resources. 


(i) Price index 


As discussed in section II (i) above, choice of deflator dramatically affects data on ‘real’ costs. As 
applied to the Science Base figures, the GDP deflator engenders a more positive view than use 
of, for example, the UPPI. To date the Government has used the GDP deflator to measure 
trends in Science Base expenditure; however, the research community may regard the UPPI or 
some other index as a more accurate reflection of its circumstances. 


(ii) Non-research expenditure 


Some of the funds for research are spent on items that do not directly buy research, such as 
superannuation, relocation and redundancy. If such items have increased in proportion to total 
expenditure, then increases in nominal expenditure for research will not result in 
corresponding increases in the volume of research. In NERC ‘non-research’ expenditure has 
grown from 7% of total expenditure in 1977/78 to 11% in 1987/88. ‘Real term’ increases in 
non-research expenditure are evident also for AFRC, ESRC and MRC. For all research 
councils superannuation costs have risen noticeably over the ten year period. This is particularly 
evident for the AFRC, where superannuation has increased more than five-fold in ‘real’ terms 
during the last ten years. Data are given in table 5.1. 


(iii) Expenditure per head 


Individual researchers are more likely to be conscious of expenditure per head than of total 
expenditure. Relevant data are given in table 5.2. Research expenditure per head of long-term 
academic staff in universities increased in real terms since 1981/82 by 43% (GDP deflator) or 
36% (UPPI). The increase is due in part to the fact that the number of long-term staff has 
declined; it is also affected by incremental salary drift due to an ageing population. These 
increased resources have been used to fund additional short-term staff; when the latter are 
included in the calculation, research expenditure per head has still increased, but by 19% (GDP 
deflator) or 12% (UPPI) since 1981/82. 


(iv) Unfunded alpha-graded research proposals 


The phenomenon of unfunded alpha-graded research proposals is widely regarded as evidence 
of inadequate resources. Data are given in table 5.3. The data should not be taken at face value, 
because of their inherently subjective nature and because unfunded projects are often 
resubmitted. Also, there will be some non-uniformity between the research councils in usage 
of the alpha category prior to 1987/88, as ESRC and MRC did not adopt the current alpha 
grading system until then but approved grants according to a different system. Moreover, the 
chances of securing funding may be affected by the scope for relating a given proposal to an 
area targeted for priority funding. Nevertheless, the data in table 5.3 do suggest that 
competition for funding has increased over the past ten years. 


at 
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(v) Career choice 


Changing perceptions about the desirability of a research career may be documented by 
analysing trends in the career choices of first class university graduates (table 5.4). 


Engineer 

Of engineering graduates with first class degrees, the proportion choosing to continue into 
postgraduate work dropped from 21.9% in 1978 and 22.5% in 1980 to 16.9% in 1987. Of 
engineering graduates with first class degrees going straight into permanent employment in the 
UK, the proportion going into industry dropped from 87.3% in 1978 to 76.5% in 1987, and 
the proportion going into commerce rose from 3.3% to 16.3%; the proportion taking R & D 
jobs fell from 78.1% in 1982 to 66.0% in 1987, and the proportion taking jobs in management 
and financial services rose from 4.4% to 18.5%. 


Scientists 

First class scientists are more likely than engineers to continue their studies, but still show a 
downward trend (54.3% in 1978, 47.3% in 1987). For those going straight into permanent 
employment in the UK, first class scientists are also more likely to seek careers in commerce 
(30.6% in 1978, 46.1% in 1987) and to undertake management and financial work (48.6% in 
1982, 55.4% in 1987). These figures suggest that research — particularly academic research — is 
becoming less attractive to the brightest graduates. 


(vi) Teaching load 


Undergraduates 

Table 5.5 (i) shows trends in undergraduate teaching load per UGC-funded member of 
academic staff. In all subjects, there have been significant increases both during the 1981 cuts in 
university funding and again in more recent years. 


Postgraduates 

For all science subjects combined the postgraduate teaching load per member of staff (excluding 
supervision of research postgraduates) increased by two-thirds between 1980/81 and 1988/89 
(table 5.5 (i1)). Rates of growth, and absolute values, vary considerably between disciplines. 


The total teaching load per full-time UGC-funded member of academic staff therefore 
increased noticeably between 1980/81 and 1988/89. 


VI Conclusions 


The health of the UK Science Base is an amalgam of many factors. In this report we have 
presented data on ‘trends in some of the key characteristics of the Science Base. The main 
conclusions are as follows. 


(i) 


(ii) 


(111) 


(iv) 


(v) 


(vi) 


(vii) 


(viii) 


(ix) 


(x) 


(x1) 


(xii) 


Total expenditure on the Science Base in ‘real’ terms cannot sensibly be identified in the 
absence of a suitable deflator. No such deflator is currently available. Our use of the GDP 
deflator and of UPPI in this report should not be taken to imply that we regard either of 
these indices as necessarily suited to measuring trends in research costs. 


The total income of the Science Base from all sources has increased in ‘real’ terms since 
1977/78. This increase has been driven largely by an increase in income from non-DES 
sources. The income of the Science Base from DES sources rose by 19% in ‘real’ (GDP 
deflator) terms between 1977/78 and 1990/91, but is planned to fall by 6% between 
1990/91 and 1992/93; however, UPPI gives only a 3% rise in ‘real’ terms between 
1977/78 and 1988/89. 


External (i.e. non-UGC) funding of research in university departments of science, 
agriculture and engineering increased by 9% per year in ‘real’ (GDP deflator) terms 
between 1981/82 and 1988/89. The number of short-term staff in these departments 
increased by 7% per year during the same period. 


Expenditure from general income on technical staff dropped in ‘real’ (GDP deflator) 
terms by 13% between 1980/81 and 1988/89. 


The output of postgraduates in engineering and in science has grown, but significantly 
more slowly than in other disciplines. In both subjects, substantial numbers of students are 
domiciled overseas and on graduating return to their home countries. 


Numbers of full-time academic staff in all disciplines combined grew by 22% between 
1977/78 and 1989/90, but only because a 139% increase in short-term posts compensated 
for a 5% drop in long-term posts. In some disciplines (physical science, agricultural & 
veterinary science) there has been only a small increase in total staff numbers. Numbers of 
part-time staff in all disciplines combined have more than doubled. 


The age profile of academic staff, particularly those in science disciplines, has become 
markedly older over the last ten years. 


The annual rate of recruitment to academic posts appears to have recovered to pre-1981 
levels. 


There is no evidence from USR data of a net outflow of researchers holding full-time 
academic appointments from the UK, except perhaps at the reader/senior lecturer level. 
However, these data do not take account of research students who emigrate on 
completion of their PhDs. 


There have been significant increases in the proportion of total Science Base expenditure 
going on items that do not directly support research. 


There is evidence that the brightest graduates are increasingly moving away from careers 
in research. 


The teaching load per full-time UGC-funded member of academic staff has increased 
significantly since 1980/81. 
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TABLES AND FIGURES 








Table 2.1 Salary of 39 year old university lecturer at the age-related point on 
the normal lecturer scale 


Salary UPPI (all = Index of GDP RPI 
recurrent total deflator 
items) recurrent 

(£, cash) Index income UK 

universities 
October 1978 8,182 100 100 100 100 100 
October 1979 9,568 TAL in 126 Fg qty, 
October 1980 11,947 146 ise 156 138 135 
October 1981 12,305 ‘Tou 164 a 152 151 
October 1982 12,920 158 173 187 163 161 
October 1983 14,125 Te ois 182 198 170 169 
October 1984 14,925 182 191 211 179 178 
October 1985 15,700 192 201 229 188 188 
October 1986 15,700 192 214 250 195 193 
October 1987 18,210 226 237 273 205 202 
October 1988 19,310 236 251 310 220 215 
October 1989 20,469 250 268 n/a 234 230 
October 1990 Be atl 273 285 n/a 249 253 





Table 2.2 Science Base funding from DES sources as a proportion of GDP 
77/78 ~=78/79 79/80 80/81 81/82 82/83 83/84 84/85 


Science Base 
funding from 
DES sources 


(£M, cash terms) 475.1 541.6 638.7 767 =869.4 928.5 993.3 1,040.4 
GDP* (£Bn, 
cash terms) Iii bho Aoreun-s 231.2 ° 2604 2849 S093: 3614 


Science Base/ 
GDP % O14 90.312" 0:07 0323" + 03S4 5° 0326: 032) “O34 





85/86 86/87 87/88 88/89 89/90 90/91 91/92 92/93 





Science Base 
funding from DES 
sources (£M, cash 


terms) 1406.1 1,177.6 1,263 1,341.5 1,464.5 1,554.4 1,567.3 1,584.6 
GDP* (£Bn, cash : 
terms 361.9 388.2 430.4 478.1. 519 558 596 633 





Science Base/ 
GDP % 0.306 0.303 0.293 0.281 0.282 0.279 0.263 0.25 





(* There are several different ways of calculating GDP. The one used here is GDP at market 
prices,” as defined for GDP (A) in the Treasury circular of 20 March 1990) 
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Table 2.8 Specific* research income per FTE academic staff (£ cash terms) 
1984/1985 1985/1986 1986/1987 1987/1988 1988/1989 


Cost centre: 


Biochemistry 23,990 28,330 32,430 37,310 48,450 
1990 pounds 
(GDP deflator) 33,456 37,498 41,515 45,332 54,953 


Mechanical, aero 
and production 


engineering 20,810 25,570 28,980 27,810 30,950 
1990 pounds 
(GDP deflator) 29,021 33,845 37,099 33,789 35, 104 
Physics 20,160 24,850 28,300 31,550 40,710 
1990 pounds 
(GDP deflator) 28,114 32,892 36,228 38,333 46,174 


* research income to the cost centre from grants and contracts from all sources 
Source: CVCP/UFC University Management Statistics and Performance Indicators 


‘FTE academic staff' covers all academic staff whose salary costs are borne wholly from 
general university funds and, pro rata, those partly covered by general university funds. It 
excludes externally funded staff (e.g. short term contract staff). 
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Table 3.10 [Expenditure on support staff per FTE academic staff (£, cash terms) 
1985/1986 


Cost centre: 
Biochemistry 
1990 pounds (GDP deflator) 


Mechanical, aero. and 
production engineering 


1990 pounds (GDP deflator) 
Physics 
1990 pounds (GDP deflator) 


1984/1985 


11,140 
15,535 


10,000 
13,946 
10,900 
15,201 


11,140 
14,745 


10,700 
14,163 
11,300 
14,957 


1986/1987 


12,000 
15,362 


10,900 
13,954 
11,900 
15,234 


1987/1988 


13,600 
16,524 


13,200 
16,038 
13,900 
16,889 


Source: CVCP/UFC University Management Statistics and Performance Indicators 


Definitions: 


Support staff = technical, clerical and secretarial staff, for years 1984/85 to 1986/87 


1988/1989 


15,000 
17,013 


14,700 
16,673 
15,000 
17,013 


Year 1987/88: support staff = as above, PLUS departmental administrators, some laboratory supervisors and 


some research support staff on academic grades. 


‘FTE academic staff covers all academic staff whose salary costs are borne wholly from general university 
funds and, pro rata, those partly covered by general university funds. It excludes externally funded staff (e.g. 


short term contract staff). 


Figure 3.1 Value of grants awarded under the 


Number of 
grants 
awarded 
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£0-1K £1.1-2K £2.1-3K 


Total number of awards: 178 
Average grant value: £7,539 
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£3.1-4K 


£5.1-6K 


Value of grant 


Royal Society Research Grants scheme 


£6.1-7K 


£7.1-8K  £8.1-9K 
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Figure 4.1 Output of postgraduates from UK universities, both taught 
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Figure 4.1 Output of postgraduates from UK universities, both taught 
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Table 4.1 Output of higher CNAA degrees 
1985 1986 1987 1988 


Research Taught Research Taught Research Taught Research Taught 
PhD MPhil MA/MSc PhD MPhil MA/MSc PhD MPhil MA/MSc PhD MPhil MA/MSc 


Engineering 54 34 114 61 31 203 73 39 240 87 31 282 
Science 232 59 452 230 19 3615+ 265 58 389 262 62 474 
All disciplines 345. 15871,421- 352°) 197 697%) OF “180° 99,707 11425" = eee 


Source: CNAA Annual Reports 
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Table 4.3 Proportion of academic staff in UK universities holding Ph.Ds. 


(i) Long-term staff 








All Ages Under 30 years old 

77/78 81/82 84/85 88/89 77/78 81/82 84/85 88/89 
E&T 51.8% 53.4% 56.8% 588% 201% 247% 241% 255% 
Agric. & Vet 50.8% 53.4% 54.7% 57.2% 20.9% 18.8% 26.0% 14.5% 
Biol. Sci. 76.5% 77.7% 82.6% 83.9% 57.6% 46.6% 56.8% 34.4% 
Physical Sci. 76.5% 77.7% 83.3% 85.1% 38.4% 47.3% 50.2% 63.0% 
Math & Comp 57.9% 59.0% 60.5% 59.5% 29.9% 35.0% 33.3% 29.1% 
All Science 71.6% 72.6% 76.5% 76.5% 41.8% 43.5% 46.0% 41.5% 
All Subjects 43.9% 45.5% 48.8% 51.2% 21.9% 20.5% 25.2% 24.0% 


(ii) Short-term staff 


All Ages Under 30 years old 

77/78 81/82 84/85 88/89 77/78 81/82 84/85 88/89 
E&T 25.5% 24.6% 18.9% 21.8% 18.2% 13.5% 8.5% 10.6% 
Agric. & Vet 34.1% 32.7% 38.0% 40.7% 21.3% 17.9% 22.2% B96 
Biol. Sci. 34.3% 36.2% 31.7% 37.7% 25.4% 24.4% 20.8% 25.6% 
Physical Sci. 42.9% 38.7% 40.8% 42.2% 34.2% 28.1% 31.1% 324% 
Math & Comp 36.8% 29.1% 26.4% 25.0% 31.1% 22.2% 17.8% 13.6% 
All Science 38.8% 36.8% 35.1% 37.6% 30.0% 26.0% 24.8% 26.4% 
All Subjects 27.8% 27.6% 26.6% 28.5% 20.9% 19.7% 17.6% 18.8% 
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Figure 4.2 (i) Age profile of academic staff: engineering and technology, wholly 


university funded 
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Figure 4.2 (ii) Age profile of academic staff: science, wholly 
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Figure 4.2 (iii) Age profile of academic staff: all disciplines, 
wholly university funded 
Age 
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Figure 4.2 (iv) Age profile of academic staff: engineering and 


technology, not university funded 
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Figure 4.2(v) Age profile of academic staff: science, not university 
funded 


Staff numbers 
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Figure 4.2 (vi) Age profile of academic staff: all disciplines, 
not university funded 


Staff numbers 






ow eee eee et 
Te re es | ——  -59 

teens 2 cee eee 

poy EES eee 
ar 2 — ae mee EE HH ey | C5550 
10000 eae ee I) 50-54 

seeeey FR Et otto ote 
he 

8000 a Seen ee Seen FA 45-49 


6000 « ~< X N 


3 40-44 


4000 A 35-39 
2000 30-34 
0 @ <30 





1977/78 
1978/79 
1979/80 
1980/81 

1981/82 
1982/83 
1983/84 
1984/85 
1985/86 
1986/87 
1987/88 
1988/89 


91 


90Z'| O0€ 69¢ L0¢ 6lEl 182 ve? OZI 68y'l vee L8¢ 6vl 269 | 99€ vee LOL sjoalgns |IV 
8l¢ 29 8S Bl Sve ol SV Sl VLE SOL EL ee SZE OLt 68 Le QOUBIOS I|I'V 
LOL 9E Lé Sl OLL Sé 4 LL GSI €9 6c Zt ac}. SS Se Se dwoD Fe Ue 
69 61 9¢ | 08 Le Sk € OO! ve ve v evl vv SV 9 ‘IOS Jeolshd 
8V ol LL c SS 91 Z | 6S 8 Ol Cc doh ZI 61 0 ‘19S ‘JOld 
cS cl 6 € ov Lé v 0 LV el y Cc €S Lé Z | 198A 8 “OUBY 
6S/ OV el €e 6vl ce <] Od O61 09 CC Lo 6LL c9 6L Od 1 te 
[2E]O| JUSPNIS YM SeSSIBAC AIL UON |e}OL JUEPNIS YAM SeEeSJOAQ AIUT UON |e}JO]L JUSPNIS yA SeeSIOAC AIU UON JeJOL JUSPNIS WN SeesisAC Alu) LON 

















6861/8861 8861/2861 2861/9861 9861/S86L 
Bac G.1 GE 6c Zea 6071 OLE Se wz, €S8 LS Gel LV 822 | L9¢ Ole KA’ s}Oalqns |IV 
SvV OOl iL 86 €9¢ G8 69 9 cll 8v Od C LO0¢e GL 6€ 6 BOUAIOS |I'V 
gZt 6€ ov eS 08 le SL v SE Bl fs L 89 Ge 6 v dwoD 9 Ye 
O9L OV vei O¢ 6c1 8V ce | OS ve LL e) 28 vc ve v ‘19S eolsAUd 
601 Lo Lo Ge vS Ol BI | Le 9 CG L eG 9¢ 9 | 19S ‘Old 
Lg oI 6 € 87 ve 8 | ve vi A 0 8¢ el v 0 198A 9 ‘OUBY 
9O0€ OS Og Gol e9l eV oh 6 EL Lo 8 6 6LL 9E vi 61 Les 
TIOL IUSPNIS HN SEASIEAQ AUN UON [PIO] USPNIS WN SCESIOA AUP UON [IO] IUAPNIS HN SeESIEAD AUN UON [BIOL TEPMS WN SeEsieAQ AUN UCN = 

S861/v86L v86L/E86L €861/286L c861/L 864 
Le9'l 8G LLE OS| 6102 vOS o9€ ve? O8l'c evs 6VE * Oe 8rZl OvV 90€ L9¢ S}O9IQns |IV 
9S¢ 68 vl Gt Ce 9c 98 Oc vOe O€l 99 Ol L9¢ vOl S9 O¢ BOUBIOS IV 
89 eo GI 6 v6 OE Ge 6 59 O€ LL c 8S Lo 8k Ol dwod 9 yleW\ 
Vib vv 6€ v E9l v9 vv a ZBL ol Ov G 6c 8S 6c Ps ‘19S yeoisAud 
vl CC Od C QL 9¢ sal 3 ol 8c of € vl Ge Sl € 19S ‘Old 
OS Oc G € 6S Og Ol € LS 8c 9 Cc 8V QI Lt 8 198A 9 ‘OUBY 
891 6€ LE 8k 891 8 ve Zi ZU. 6 CG Lo SLI 6¢ QI v eset 





JE]O] JUBPNIS YA) SBESISAQ AIL) LON Je]O| JUSPNIS YA SeesJeAQ AIU UON 
O861/6Z61 


L861/0861 


e10| JUBPNIS yA SeBeSI@ACQ Alu) UON 
6Z61/8Z61 


[2]0| JUBPNIS YN SeesIBAQ AlU LON 
SZ6L/ZZ61 





‘pepuny AlssaAiun AjjouM ‘peulquiod sepeis je ‘sabe iV ‘yes DluuIapeoe ‘yeo!ul}O-UOU Puke JedIUl|O ‘atuI}-|/N} JO JUeWUAO|dWS SNOIAGd 


(©) 9°p 219qRL 





“YN 9y} Ul UOHeONps Aj!sJeA|UN-UOU SBM JUSLUAO|GLUa SNOIAId BSOYM G8/PB6 | Ul Ie]S JO Jequunu ebie| 
OU} UI JUSPIAS Ape[noiyed Ss! AlIsJOAIUT SUIEIB]OD YIM DIUYO9}A|Od 19}S/F JO JeHJEW Bu} JO JOedWI ay] 
‘SOJ]ON 
cv 9/921 9as ‘soul|diosiq 
" S]JUBWAO|AWUS SNOIAGJ, JOUJO }O JOQUUNU B|qeJEpISUOD & SsEpnN|ou| : ;ejO] 
IN Ul sJUSPNIs SlU!}-||N4 -s}USpN}s YY) 
"SBO8SIBAO SjUapN)s A|sno|Aesd BsoU] pue JUsWAO|dWA Se9SJBAO JAYJO ‘SAI}ISIBAIUN SEASIBAO SEPNIOU| :SeaS1BAQ 
‘(so|uyoa|Ajod Ajurew) SaiyisJOAIUN UY} JOYJO YA OY} Ul SUO!INISU! [eUOIeEONPA :Alup UON 
"YN 84} Ul AjIsdaniuN Jayjoue ye JO ‘AjIsJeAIUN AUS OU} Ye SEM JUBLUAO|CWAa SNOIAeId BSOUM IJe]Ss SAPN|OXxe a|qe} JUaseld aul 
‘WeaK SNOIAGIC BY} SWI} SWS OU] Je Se jJe]S O1Wapede ||P JO UOI}eEdNoo0 aU) JeaA YORE JOqUUaNaq LE }e Spl0oe! YSN “juewWAo|dwea snoiAaig 
“SUOIIUNOG 
(peysi|gndun) psooay jeoijsiyejS SaljisusAluQ :eounoS 


a ee Se See ee eS ie rs el Se SE RD lie 
PSEUlquod sepels je ‘sabe |) ‘yels Olluepeoe ‘[eo|ul}O-UOU Puke [ed|UI|O ‘ALUI}-||Ny Jo JuaWAO|dWE SNoINelg =(e) OY BIGEL 


ee Ee a SE SSS 


95 





OzO'S 1S6'1 289 SOL O8l'p 88st evga eck ol8'y LG6'L 829 691 clSy 268'1 09S Lvl SJOaIGns IV 























G69'l €28 VVE OS Ze9'L 618 LVEe €¢ 629° SEs LSE eS Orr'l £92 OS¢ vv BOUSIOS IV 
Ede Sik BE Sl 8S¢ LVL vS LL OVE cll GZ 6L 99¢ Lek cS cl dog 9 ule 
LO8 807 LLo Sl 669 eve S6L 8 OcZ ESE 861 6l 6¢9 eve cel Zt ‘IOS JeoIsAUd 
LZ9 CASTS: S6 O¢ OL9 Gee c6 v 619 OLE v8 Sl SVS €8¢ wg St 19S [Old 
8cl SV Gl C Vi BV vi 0 Z8 LE LL € vol LS re L 8A 9 “OUBY 
O€8 ESV c8 6l LS8 9EV GL LG L66 80S Lol CO Lc6 ZOS Z8 ce pe ae 
[E]O] JUBPNIS YM SBESJBAC AIUM UON |e}OL JUBPNIS yA SeSSIBAQ AIUM UON |e}OL JUSPNIS yA SeEeSIBAG AlUT UON [elo, JUSpNIS yA SeesIeAQ AIU UON 
6861/8861 8861/2861 2861/9861 9861/S861 


ce0r  G6eSt LOV 9c 1 vy9E cool €0S obLk g99'€ —s ELL SE BZ GEL’? 6ye'L LLE QZ s}oalqns IIV 
9se'l  6g9 Sod 9¢ ole | E19 09¢ 9¢ ace | 9¢9 O81 Oc Z00't v9S vst 6 BOUBIOS IV 
L6L OOl ce 9 LOL GZ ve Z L8l c8 CG CG LOL €G Lt 8 AwoD 9 Yel 
LcQ c6¢d LE cl L£c9 Sle SSI Sl 069 6LE Oct LL 9ES OLE Oct G ‘IOS yeolshud 
vvs L9C 9 8 v8v O8¢ LZ v Lov Goo 8E i S98 LOd Lv 9 19S Ol 
06 vv € C el Le S C 96 Lv v | nae ve S 0 198A 9 ‘OUBY 
9¢8 vse 88 61 LBZ Oct €8 Lt L69 ANS 89 el LOS 866 LQ 9 La 
JEJO]| JUSPNIS Hf SBSSIBSAO AIL) UON Je]O] JUSPNIS HM SBSSISACG AIUM UON Je]OL JUSPNIS Wf) SeBesSIsSAOC AU, UON Je}]OL JUSPNIS YM SesSISAC Aluf) UON 








S861/y86L v86L/E86L €861/2861 c861/L86L 
O€6'2 60E'L cov G6 9S0'€ 8621 LLS vOl C8L'c 960'1 c6E 66 L60°¢ 0ZO'L €8¢ ae sJOalQns |IV 
990'| 89S LEc ec S60't v9S L9G Co 86 6S 0c €¢ cul Lov eri Pe BOUBIOS IV 
OO| Sv Le € ecl eS ve 9 OZ LV cl c vS ce Lo 0 dwod -¢ ye 
66S 80€ 8S1 cl OLS Glo 881 Lt eG LL¢é Sv 6 O6E Goce Z8 € ‘19S yeolshud 
LOE Sle OV 8 cOV 9E¢ 67 g O8€ Log Sv cl 86¢ 691 Gt V ‘10S ‘Old 
89 OV 6 0 SL ve 6 € OL Le 8 | L9 9€ vi | 198A 9 ‘OUBY 
80S 6S¢ ol vi LVS L9¢ v8 Bl LSvV LSe 6S 6 GSE L6L 6€ cl iva 
JEJO] JUSPNIS Hf SBESIBAC AU) UON Je}]O] JUSPNIS yf) SBSSISACG Alu, UON Je]OL JUSPN]IS YM SeSSISAC AlUf) UON Je}JOL JUSPNIS YM SeBSIBsAC Alus] UON 

1861/0861 0861/6261 6Z61/8Z61 8Z61/ZZ6} 





‘papuny Ajissaaiun Jou pue Ajjeed ‘pseulquiod sepeéb je ‘sabe jv:jels oluuapeoe ‘yeoluljO-UOU PUB JBOIUI|O ‘OUUI}-|/NJ JO JUaUAO|CLUa SNOIAe1g (q) Q*p BIGEL 





94 





92Z'9. _ 1S2'?%? 9S6 ole 6S1'9 GLI'2 228 €6¢ LOe'9 G8c'c S96 BLE 7079 €97'2 v68 80€ sJoalgns IIV 










































































9I6L OF6 cle 89 cl L68 98 BE €66 | OVv6 OE QL GIS'L 628 6E€ GZ BOUSINS |IV 
Loe 6r 6S O€ 89E 991 a Co S6V GEC vOl 9£ Lov c6l ZL Ze dwog 9 yyeV/\| 
028 Lov LES? Ql 6ZZ VLE Ole LL O¢8 Ze CLS Ec CLL L8€ pea eo 10S yeolsAUd 
6ILZ VIE 901 Co Gol LSE 66 G 8L9 8cE v6 Zt cog OO€ S8 Sl 19S ‘Old 
6Z1 ZS VC G 9Sl 69 Sl O 8cl OS Lh G ZSL BZ Gl C 198A 9 OUBY 
286 €9V S6 ov 000'| 897 L6 Lv ISL'L 89S evi 6 Gata 69S 901 €S Les 
[2]O] JUBPNIS YN SeeSJeAC AIUP UON [e]O]L JUSPNIS yA SBESISAQ AlU UON |e}OL JUSPNIS YN SeeSI9AQ AlU LON [JO] JUEPNIS yM SeEesJeAQ Alu LON 
6861/8861 8861/2861 2861/9861 9861/S86L 
G6c9 888'l GSZ €08 €S0'S 026'L ZSL 68l LeS'y vS9'l 687 6LL €96'€ BIS'L L8S vO? syoalqns |IV 
LO8t 6SZ 6E€ vol Ges‘ | 8SZ 6c ce Lvv' | vL9 00¢ CC 602 | Ov9 €c¢ 8c BOUSIOS || 
L9E 6E1 vl 6S Lv cOl cS LL 9le OOL 6¢ € 691 BL 92 6 dwog 2 ye 
LBZ cee c8k ce 9SZ 99E 88l 9| evl Eve LEL LT €c9 GEE vVl cl 10g yeoisAd 
€S9 88¢ €8 EG BES O62 68 G 88V LE? OV 8 LLV LEG €S l 19S ‘Old 
LGL 09 cl G Lob GS BL € O€l LQ 2) L S6 LV 6 0 198A 9 ‘OUBY 
cell vEeV 86 vr vVv6 COV 66 9¢ BSL 6SE QL co O89 VEE GZ Se Lea 
[2]O| JUAPNIS YA SBeSIEAQ AIUN UON |[eJOL JUSPNIS yA SeeSIGAGC AIUM UON JeJOL UBPNIS WN SeesieAQ AIUM UON J[eJOL JUEPN}IS YM SeEeSJ9AQ AU UON 
S861/7861 v86L/E86L E86l/c86l c86L/L 861 
ZSS'y = Z99'L cel Spe —- SLO'S c08't 088 8EE c96 7 6E8'L Lvl 6c 6E8'E O9r'l 68S coe syoalqns |IV¥ 
rd oh ew Ae) 90€ BE Berl 069 LVE ov Z8¢'l 699 89¢ ce €00'L LEG 60¢ Zé BOUSINS |IV 
89l 89 cv cok Lle 68 6V St Sel be Ec v cll vS 6€ Ol dwog 9 yyeW 
bes cS Z6L Ql on 3 A 6EE CES QL 069 Sve Sst vl 6LS €8¢ HA OS Ol lO yeorsAUd 
Lv LEC 29 Ol 8LV c9C 99 Lt cOV GS¢ 09 Gl ole v6l €S ie 19S “Old 
Blt 09 vi € Gel vS 6h 9 Lol GS vl te SIL cS 92d 6 198A 9 ‘OUBY 
9LZ 86¢ €Ol AS) 602 66¢ 801 Se vc9 O6¢ L8 O€ OLV Loe SS ie] 184 
J2]O] JUBPNIS YN SeESIEAD AUT UON [e}OL JUePNIS yA SeeSIAAG AIU UON |e]OL JUEPNIS YN SeesJeAC AIUT UCN Je}JOL JUEPNIS HN SeesseAC AIU UON 
1861/0861 O861/6Z61 6261/8261 8Z6L/ZZ61 





‘BUIPUNY JO SBOINOS ||\7¥ ‘PeuIqWOD sepeJb |e ‘sabe |I\¥ ‘els Oluapeoe ‘jeo!ul|O-UOU PUk |BOIUI|O ‘AWI}-|/NJ JO JUSLUAO|CLWa SNOIADd (9) QO'p OIGEL 


LL 
. 


95 


6L 8V LS vt 8 SEV 90 64 VOL * 60 Le SOE sJoalgns |IV 
VC eG S61 61 Ov 91 Z0 iL 8S 60 VC be BOUSIOS IV 


















































ra! L’6 OV 6'L 601 eV G0 6'e cl O'} BL ec dwoD 9 Ue 
9¢ LS c6 ry ve LQ 80 8h O€ 60 AA GE “19g JeoisAUd 
8S ov £9 L'é 6c ov 80 rag | QL 80 Gk Bl ‘10S “Old 
8c LS 6h AA OV Sl 60 yee 9 Lit Be et 198A 9 ‘OUBY 
Ec ev c6 0? Lv 6L Z0 9} 8c Ol Le ev 184 
s]sod sjsod s}sod s]sod 

Wu9]-HuU0} + s}sod We} Ww9a}-Buo| s}sod wie} Ww9a}-Buo| + s}sod wie} Wwu9a}-Buo| + s}sod wie} 

ul Apeauje = -OUs Ul je]O| ul Apeauyje = -oUs Ul je}O| ul Apeouje = -YOUs ul jeE10| ul Apeauje = -OUs Ul je}O] 

WEIS JO% es jo% EIS JO% HeISJO% HES JO% [eS jO% EIS JO% Hels jO% 

S8/786l v8/E86l €8/2861L c8/L86L 
80 ce 68¢ Gt 6V cOV O'} Gv LVE OL Cv 6LE S}Oalqns |IV 
80 Gc re O'L Ge 98 ol cov OO| Z0 Gc 6S BOUSIOS IV 
£0 G9 Zi oa0 V8 Qt vt Srl ce Z0 99 QI duw0g 9 Yje | 
Ol Le 6E OL Ge a4 Lt 8c Sv 90 Co Ge ‘IOS yeoisAud 
72 a! Sl Git 9°¢ le aa VC Ec 80 Bt 8 19S “Old 
cl 8c Ol al! 6S Ol 0? ev Gl O'l O'? Z eA 9 OUBY 
60 8c OV Gk og v9 Gk VS v9 cb vv eG ia 
sjsod sjsod sjsod s}sod 

Ww98]-Buo} + s}sod wie} WwJ98]-Buo} + s}sod Wie} Ww98}]-Buo} +s}sod We} WwJ9}]-Buo} + s}sod Wid} 

ul Apeasye = - ous ul feo] ul Apeouye = - 0s Ul Jeo] ul Apeauye = -W0Us UI ye}O] ul Apeauye = -WoYs ul je}O] 

HEIS JO% HfeISJO% HES JO% fejsjo% HEIS JO% jes jo% EIS JO% eS JO% 

18/0861 O8/6Z61 62/8261 8Z/ZZ61 





‘PaUIgWUOD sepeJb j\\V ‘(|-xX) seeA Ul PepUN AjIsuaAiUN JOU JO Ajed pue x Jee Ul PepuUNY AjIsuSAIUN 
A|JOUM 818M OUM Jes (ZL + | | UONOUN) OlUIapede ‘yeo|ul|O-UOU Puke Jeolul|O ‘ewW}-||IN4 Lp aqeL 





96 


"X 4e0A 94} Ul 4Je}S WW18}-Buo| Jo Jequunu [e}0} ay} pue (,-X) JeAaA AU} U! JJe}S W9}-LLOYs Jo JOQUUNU [e}0} aU} 0} JOedseJ UYIM Pa}enojeo aie sebeyusIIe4 

ZZ6| 48QWS89098q | UO }SOd Ul }e}S 0} SJBJO1 87/776] JeSA :Sa]ON 

‘9‘G'S Sdnos6 94]Ue0 }sO00 ‘Gg AloBaj}ed joalqns :aousios 

‘9 dnoJ6 asus jsoo ‘g AloBeyeo Joalqns ulYjIM WOd soleWaUyeW :Buljndwoo g soljewWeUje/\ 

‘Gg AnoJbH 841US89 }sOO ‘solyeweuUyelW Pue BoUa!dS JedIHo|OIG SsnullW G AioHeyeo JOe!qns :aouaIOS jeoISAUd 

‘€ dnoi6 949d soo ‘g AioBayeo JOafqns UlYyIM WO PSUIGWUOD »g ;eJBUSBH JeUjO 9 ANSIWEYOO!g 9 AWoyeUue/ABo|OIsKyd 9 ABojooz 9 Auejog 9 ABojoig :aoualos jeaiHojoig 
‘py dnoib a4us0 \soo ‘py AloBayeo joalqns :eoualos Areue}eA pue ounyjnouBy 

‘2 dnos6 aujuao 4so0 ‘¢ AioHayeo Joalqns :A6ojouyos)} pue Hueeulbuy 

‘SUONUNOG 

(peysi|qndun) puogey jeonsyeys AjisusAiup :eounos 


—————————— 588 ee 








sil Ae OVS 6'L Be 86S GL Ce 6S ZA O'V GcS sjoalqns |IV 
ee =e ee ee ee ee ee ee ee ee eee 
6'L Oe OSL Git 9'¢ Oct Zt ah Ss 6EL Ore Lv E9l SOUSIOS ||'V 
en ee a ee ee 
BC €'8 69 Bil ee GV Go bi €9 be O'OL LS duwog g je 
a eg ee ee eee 
GL Vie. 6V Sa eo GV Fe! roe GV BL 9'€ v9 19S yearskUd 
ee ee i ee ee eee 
Git Gt ce 3h 9} O€ vit BL LE ie ie 8V 19S ‘JOlg 
ro | 6'L 8 Go LV QL LL BL 2) Hogg ® SS LL 8A 9 ‘OUBYy 
ee nn ee et ee ee ee ee ee ee 
ire VE G6 ve LE LOL i? QE 68 CG 8’e 88 | 
sjsod sjsod s}sod sjsod 
W9}-Huo} + s}sod We} \W9}-Huo} + s}SOod Wd} \W19}-Huo0} + s}SOd Wd} Uuua}-Buo} + s}SOd Wd} 
ul Apeauje = -oUs Ul je}O | ul Apeauje = -0Us Ul fe} | ul Apeauje = -oOUs Ul Je} | ul Apeasye = -UOUS UI Je}O] 
HEIS JO% Hels jo% HEISJO% Hes jo% WEIS JO% jes jo% HEISIO% Wels jo% 
68/886 88/2861 Z8/986L 98/S861 








(penuluod) ‘peuiqwoo sepeib j\\7 ‘(,-x) Jee Ul papuUN AjisseaiuN JOU JO AjUed pue x ee Ul PepuN} AjIsueAIUN 
A\JOUM 819M OYM JeIs (ZL + || UOOUNJ) OlWapede ‘yeolUI|O-UOU PUR JedIUI|O ‘SwI}-|INJ Zp sIqeL 


Oe 


a7 


esi vev 89d 88 L8L 88 c80'e = St eLl S8 291 c8e 80v'c = bE vS6 ye c0¢ S6E s}9algns [IV 


8LE ZOL 6V 6¢ Sv cOl v6ev 28 ge Ge c& 8rl 867 v9 LS¢ 8¢ LE 7 BOUSIOS |IV 


eel 8 Sl LL ve LE Z9L 8c LL 6 SL €9 cel Sl 6S i. Z Vc dwoD 2 Ye 





























eSl vv OL EL vl 8V €oc Se oo Le Sl vS €S¢ OV Ovl Qt Hal O€ IOS yealsAyd 
68 Ge 8 Si L zy vOL ve € G c LG SEL 35 8S G ML 6L ‘19S ‘Old 
ev Z 6 Sl c C OS Ol v Ol G 9 ol vl O€ LL c G 198A 9 ‘OUBY 
O61 6V BE €¢ cl 8V 6l2é cS Le el Ol 9¢ v9C 9E Lvl cl 6L Ge LS 
B10} = JBYIQ.-—s Pauljoy =Ausnpuj seasiaAC JOysUeIL eI0} += =JauIO pesey ANsnpu; seasiaAC JOySUBIL je}O] JBUIQ  palljey Arjsnpu; seesieAQ seysues] 
98/S86L S8/786L v8/E86L 
6LO'E cOV ees‘ t vOL OS¢ O€e vl6'l G9E 62S Ql cove 8c€ 920'2 69€ Sov 08 062 LLY s}oalqns IV 
9¢9 Ql S8e Le 8V Ly O9E 6Z coll Co 6€ c9 GLE OL L8 ce LQ 19 QOUSIOS IV 
c9l QL OOL G oa QL 62 6 Ge c Sl Bl S6 isle Og G 6L €¢ dwog 9 ye 
6c€ LV 002 SI O€ 6l c8l LS 9S Sl BL co 00¢ Lv eV ve 6c Lo log yeolsAud 
Sel 6L S8 Z S cl 66 6L LE v 9 co 08 Qt BL c el AE ‘19S ‘Old 
28 vl SV jit V € 6S OL OL 6 6 G vS ob ee S € 6 198A 9 OUBY 
cOV Le L8¢ BL Co LZé Lod Zé L6 BL LE ce 861 €¢ GZ vt ve ce pe | 
YEO, JEU. Paley AusNpU| Seesiend J9ISUB!] —[IOL—«JEUIQ.—- Pally AusNPU| Seasiend Je\sUR1] —(EI0.-—« EMI.» PaIeY AnsnpUl seasienQ sue) 
€8/C861 28/1861 18/0861 
790°C Ove 6EE 6LL vOE v6vV €€0'2 L8¢ OVE ZOL QlE 8cV 200'2 vOE OLE OLL L8e jis: syoalgns |IV 
O6E Z9 29 eS SS v8 6ZE vS €9 BE 62 L8 68E v9 €9 LE c8 39 BOUSIOS |IV 
SOL Sl ZI cl Bl 9g L8 9 Ql G Bl ve €6 6l 6 8 cc 0g dwod 9 ye 
c8l OV ce Le €¢ Go 661 Le LE Gc 8V ce 60¢ ce 6€ ve cv ce ‘lO yealsAyd 
Ol cl Bl OL vi €€ 66 alt QL 8 Eb Ge 28 SE Sk G SL vl 19S ‘Old 
LQ oa EL ye 6 6 6V c os LL 6 g 9S ol OL 8 G 6 198A 9 “OUBYy 
eEZk ce vv BL oo 8d SOL Le vv Zt VE Zé BZh co OV ve Je Zé je 
je}O] JBYIQ ~ palljay Aysnpul seasjaAQ JaysueLL eI0} = JOUI-~—séPauljoy =Aujsnpuj; seasie9AGC Jajsued] je}O] JBUIQ ~ peauljey Asnpuj seasiaAC JaysueLL 
O8/6Z61L 62/8261 BZ/ZZ61 
‘pepuny 


Aisuaaiun Ayjou\y ‘peuiquiod sepes6 je ‘sabe |\\y ‘Buipunj jo soinos Aq ‘jye}s OiWapeoe JeOIU!}O-UOU PUP |edIUI|O SuUI}-|jNJ Jo ‘Hulaes] uo ‘uoyeujseq (e) Sp BIqeL 





98 


Z v 9/Ge} 9aS :saul|diosig 

‘/Qe} Siy} Ul PaNUep! Ajeyesedas saOBayed au} apis}no sso} Hulpnjoul ‘susAeay j/e ;e}0) 
‘UON}EUIISEp UMOUYUN JO BsouU} pue JUsWAO|dWA9UN OjU! Hulo6 ssou) Ajjeluesse 

- UOHeUIIsEp JO saOHayeo payloads YSA JEUjO Ul JO SULUNJOD SNOIASId U! PapN|oU! JOU BsOU} EYIO 

‘(\uaWAo|dWe }jas PUe SUOI}eOdIOO aI|Gnd sapnjoxe) soseWWOS puke Ayjsnpui ayeAud :AyjsnpUu} 

‘JUBWAO|GLUS SEASIBAO JBYJO PUL SAI}ISISAIUN SEASIBAO :SBASIBAC 

‘AUSIOAIUN YF JAUJOUR O} -JAJSUBI] 

“‘SUONIUNEQ 

(peysijqndun) psooey jeoijsiyejs AjISIOAIUN :BdINOS 


_ rg Se ep SN a 




















Src vcG 068 v6 88l Lov Gr6'L O67 OV 6cl Ole 86¢ COL’ LoV Gro 91 SE? C8 sjoalqns |\V 
69S cll _4S¢é O€ 9€ el L8E BLL 86 ce vv OV 6SE L8 GL 9€ 6€ L8 BOUSIOS |IV 
v9L 8 €9 ol Zap Lo Ort eG 6L 61 6L SL LEL O€ OL vi ZL vv dwog 9 ye 
v9 OV ZOL GL vl Be SSL VE 9S Z BL 6L orl 8¢ 6€ vi SL 8C 19g yealshud 
LVL 8¢ L8 9 G EE 98 Le €¢o 9 jh A 68 oG 0d 8 Z 6 19g “|Olg 
67 6 LL ch € 9 LV 6 6 GL L C 6P SL Z Si Ss re eA 9 “OUBY 
y9e 4 Lvl vi i: O€ Olé ev v9 Ge Zl 8d e6l ov GS ve Lo ce L835 
JEJOL I9UIO poaloy Aaysnpu} SBOSIBAC JEeJSuel] . (eJOL J9UIO, podlloy Ayysnpu| SBOSIBAC JOJSUBI JB}0O] J9UIO posjiey Ayysnpu| SBOSIBAC JOJSUeBI] 
68/8861 88/2861 28/9861 
‘pepuny (penuljuoD) 


AysJBAIUN AJOUM ‘PEUIGWOCD sepeib je ‘sabe |\\y ‘Hulpuny jo aounos Aq ‘eS Oluuapeoe jeoluljO-uOU Puke JedIUI|O SuUI}-|jN} Jo ‘BulAes| uo ‘uolyeujseq (e) gp sIqeL 


SSS 


99 





62S'€ 0S9'L ZL 9¢V SVE OLV 9SL'E =GSr'L ol ce 6ve c6E L606 OOr't LV O6¢ Loe O€S sJoalgns |IV 























tec vO9 c O€l vSl S6l O6L'L G9SG L vel 99} 98h bia LéG G OPE ES: 00¢ SOUSIOS IV 
LVL G9 0 6L ZI Zé cock OV | co vi 9¢ cht 8E 0 vt 6l 6c dwog 9 ye 
L8S 88¢ L ol 08 S8 9E9 €6¢ 0 GZ 801 EOL 809 062 | 69 L6 G6 19S yeaiskUd 
667 LGe L 6€ ZS €8 ceV 9d 0 Zé vv ZS LOV 661 V Ste, LV oye 19S “JOld 
sya ce 0 Sl oa V G9 8c Cc 6 jh G MES ce G v G 6 198A 9 OUBY 
bez LES € c6L 89 oo 809 ZOE | col OZ LV €esG 8S¢ C 86 c9 8S IRS 
je}O] JBYIQ palljey Asnpul seasieAC JejsueI] e}0} JayIO pailey Ajsnpu; seasieAC Je}SUeL | je]O] JayIQ paljey Ajsnpuj seasseAD Jajsues 
98/S861 S8/7861 v8/E86L 
892 €9?7'L L9 LE? 9ZE OES 6SS'2 Ole'L Ge BLL 6SE O9E OVE’? SV6 VE 88l LEE GSE s}oalqns |IV 
0ZO'L 967 8 66 O8l OLL €S6 CVV C L8 LBL orl L6Z cl€ C v8 cSk vel BOUSIOS IV 
LOL ov L EE 8L cr c8 86 0 6 Le vi GZ Og | 6 Oc vi dwog 9 Ye 
08S 8le S GS Oct 8S 6ES VS I LE OEL cL voV LOL 0 LV SOL 09 10S yealsAyd 
6EE sya C Se ov 6E ANS O9L | Ge O€ 6S COG LE L 86 Rd, OS 19S “|Old 
LQ 6c © 8 g 9 cg ce V G 9 G vl Lo 8 G Z OL 198A 9 ‘OUBY 
COV LGe G Gl ey (AS) 96V Ole iS 9S vS OS 69€ 691 iS OS 8S 6V Ibs 
e}O} = =9JauIQ = paljey Asnpul seesieAc Jalsued | e}I0} = Jay = pauljoy =Ausnpu| seesienC Jejsued] \e]O JByIQ ~=peauey Asnpul seasieAQ seysues] 
€8/2861 c8/L 861 18/0861 
290°C 069 8 800 962 9SE VEL? 829 9E Ove 69€ oSE 890'2 619 CL 8vC OVV 90€ S}OaIqns |IV 
SQL eve L 86 SSI oVl LL8 ove 8 LOL vst vvl LOZ 966 € LOL Sika cock BOUaldS |IV 
6V ih 0 ) 6 ck 248 OG 0 OL CC ve GL Zé 0 cl Silk El dwog 9 ye 
OLY BLL L 69 601 vl eov VIL G G9 601 89 LIV subi O vS vt v9 “IOS yeas 
90€ 801 0 €¢ LE 09 LOE 801 1S, 9¢ EG oG 69¢ 98 € Se Gg SV ‘19S ‘Old 
cg 02g L Mh 8 OL 99 Gl 9 8 8 Ol 69 Lo c g cl OL J8A 9 OUBY 
GCE OLL L €8 6€ 6€ BLE cel € €8 69 Ze Cle, LLL L €6 S6 Ve hehe 
je]O] JBYyIO = pauljay =Aujsnpuy] seasianC Jejsues] e}Oo, JaMIO pealley Asnpu) seesierng seysuel) je}O] JBUIQ ~ peauljey Asnpul seesiaAQ Jeysues | 
O8/6Z61 6Z/8Z61 BL/ZZ6L 


‘papuny Ayisuaaiun 
Jou pue Ajjeeg ‘peulquioo sepeib je ‘sabe |\V ‘GHuipunj jo aounos Aq ‘els OluwIapeoe |eO!ul|O-UOU PU JedIUI}O Suui}-|jNJ Jo ‘HulAes] uo ‘uoieuseq (q) gp sIqeEL 





100 





GEL'y OOL'? cL L6V LOE 8LV cS0' 8Es'l 6E LES OcV LSV Ev9'E 9rZ'L OV 6vV SVE e8E S}9alQns IV 


























Ser'l 808 9 ZSL 8st Z91 96E'1 689 & 961 981 BSL LO?‘ L ova c Z91 SSL eQt BOUSIOS |IV 
Ole BLL L Ze ce LE Ode 901 0 Le Lv O€ cGh ol O Li Od LE Adwo0D 9 ye 
O29 O8€ v 69 vOl GZ LEQ OLE | 96 S6 09 68S 99¢ L €6 L6 cL ‘IOS |BalsAUd 
6vS OLE L PL LS LQ SVS CLG C Sy OS 89 06S vOE L LS vv 6S IOS ‘JOlq 
9 9E L 8 Vv 9 S6 OV € OL ae 8 SV vv S Z G € 198A 9 OUBYy 
c08 OVvV “i 681 OS oS c08 ZIV L esl 99 eS 889 8S € SSI eV OV a | 
je}O] JOUIQ paijey Adjsnpul SeasieAC Je}sueI] jeJo| JOuUIQ palljay Aysnpu| SeasieAO Jejsuel] Jeo] JOuUIQ palljey Aysnpu| SeasiBAC JaysueI | 
68/8861 88/Z861 28/9861 
? ‘pepun} AjyisuaAiun (penuljuoD) 


jou pue A\eleg ‘peuiquioo sapeis je ‘sabe |\y ‘Bulpuny jo eoinos Aq ‘ye}s OIWWEPeOK JedIUI|O-UOU PUB JEdIUI}O StI}-|/NJ Jo ‘Hulnegj uo ‘uoNeuNseq (q) gp sIqeL 





101 


1820'S vvL'c G6¢ vLS 9S 898 8ecS  006'l S8L 807 9S vLL 66'S = vZZh S66 99 2S Sc6 s}oalQns |IV 
96S'} Wye LS 6S1 661 L6¢ 789'l cS9 Ze 6S1 86l vee Gc9'} L6S c9¢ vv lk c8l ele BOUBI9S |IV 
vle EOL Sk O€ Lv v9 68¢ vl cl ce 6¢ 68 vive cg 6S Le 9¢ eG dwoD g Yle/\| 
vel ANS ZI. G8 v6 cel 698 88 oC G6 eck che L98 9ce LVL G8 801 Sel ‘19S JeolsAUd 
88S 9le 6| vv v9 OOL 9ES OS¢ c ce OV 88 OS ole c9 BE 8V S6 ‘19S ‘l0lg 

















bol 6€ 6 O€ Sul re) SLL Be 9 6L cl LL 6EL OV Ge St Z vl 198A 9 OUBY 
Lé6 98E LV Sle 08 Vit 2é8 6SE oC GEL 08 L9 262 v6c 6rL OLL L8 €8 a | 
seo] JOUIQ pailley Arsnpu| SseasisAG Je}SUeI | jeJo|. JOUIQ palley Aysnpu] seasisAG Jaysues] je]O |. JOuUIQ paley Ajsnpu; seasidAC Je}suel] 
98/S861 S8/786L v8/E86L 
€9¢ 8S LOL QL LE O€ LOL Ne Go cl 9E ce OZL ce Le vl 6€ ZE dwog 9 YyyeV\ 
606 6LE G0¢ OL OSI ZL LoL SOE Lg cS Bvt 96 vc9 vOe eV ME VEL Z8 “19g jeolsAUd 
vLYV S61 Z8 OV LV LS LEV 6ZL AS 6€ 9E L8 cle 8rb 6L Le OV Zo 19S ‘Old 
8vl eV 8V Go 6 6 cok v8 vi vi Sl OL Bch ve Lo OL OL 6L 8A 9 “OUbY 
v68 Ble c6cG €6 86 6S LV9 eve v6 vl S8 €8 29S c6l BL v9 c8 L8 Jes 
je]O| JOUIQ pailjey Ajsnpu| SeasiaAG JEe}sueL| seo] JOUIQ painey Ajsnpu] SseasianQ Jeysues] je] |. JauIQ peainey Asnpuy SseesiaAC Je}suel | 
€8/C86L c8/L86L L8/O86L 
GSL‘L OLE 89 LG} Olé O&? O6L‘L 96¢ LZ 6EL €9¢ Sco OSL‘L 062 99 BEL 86¢ 88l QOUSINS IV 
VSL ce yA 8L Zé 8 B9L 9¢ QL Gl OV 8V 891 OV 6 Oc GE Se dwoD 2 yey 
c6S 8Sl ee OOL cel 66 ccd Svl OV 06 ZSl OOL 9¢9 Svk 6€ BZ O6L 96 lO yeoisAud 
607 Oct BL 6S LS €6 OOV Gol 6L ve 99 Wve 9SE 66 Bl OV ye 6S 19S “|Olg 
vel co vi vi Vi) 6L SLL At el 6L Zt Sl Geol ce vi Se Hai Og 198A 9 OUBY 
86 cvl SV LOL 19 19 evs eSh LV OOL 0) v9 OSS CGE LV Zee cel LS dey Ss 
je}O]. JOUIQ pailjey Aysnpuy seasieAC Jejsues| je]O| JOuUIQ painey Asnpu| SeasseAC JaysUeIL je}O] JeuIQ peiey Ansnpu| seesidAC Je}sues] 
O8/6Z6L 62/8261 BL/ZZ6L 
‘Bulpuny 


JO S9OINOS ||\7 ‘PEeUIquOD sepeib |je ‘sabe |\y ‘Hulpuny yo aosnos Aq ‘yeys OluIapeoe Jedlul|O-UOU PUB JedIUI|O SuuI}-||N} Jo ‘HBulAes| uo ‘uoNeuseq (9) S'y e1qeL 





102 





























88sc'9 ve9'? c96 S8S 6SS S06 66'S 8ce'2 S8v 099 eva GGL Sor's ELL '% cS GLS 68S g99 s}oe{qns |Iv 
v00'2 026 LS¢ Z81 voce Ole LEE 208 LOL 800 O&? vO? 0c9't ecl ZL €0¢ v6L vye BOUAIOS |IV 
O8€ 9S} v9 6c OS oS O9E 6S1L 6L OV 09 SV €8¢ cOl QL ke Jes Gl dog 9 yey 
vE6 9CV 58)! L8 SLL OVI 982 VVE ZS €Ol ELL 62 Gel v6e OV ZOL 9OL LOL ‘10g jealsAUd 
069 BEE 8 ZL 9S GL Leg vOE Go 62 ZS 08 c09 LCE Lo G9 LS 89 19g “JOlg 
Vi SV cl 02g Z cl cv 6V ch (A vi OL GZl 6S Al 0g 8 G 198A 9 ‘OUBY 
990'| E87 Bri €0¢ LQ 8 cho. t O9v G9 Sle 08 L8 188 OOV 8S 621 v9 62 L¥a 
je}O] JOuUIQ paijey Ajsnpuy SeesieAC JeJSUBeIL je} |. JOUIQ palljey Aysnpu| seasiaAC JAajsues] je}O] JOUIQ paley Ajsnpu| SeesJeAC Jejsuell 
68/8861 88/Z86L 28/9861 
‘Bulpuny (penuluod) 


JO S9OJNOS ||\¥ ‘PEUIqUIOD sepeb |je ‘sabe |\\y ‘Bulpunj jo aoinos Aq ‘|ye]s Oluuapeoe JeoIuUl|O-UOU PUe |edIUI}O SWI}-||N| Jo ‘BulAesj Uo ‘uoeuNSseq (9) gy a1qeL 





103 


L8+ 69¢ 

bore 2S 

yt Lo 

ai) a a a fa 

Gt Ol 

gt 6 

ot el 

JON Ul 
0661/6861 

Sel Sel 

8c- —s «Oe 

oe Z 

Sis LS 

oF CG 

Go C 

Vis 

19N Ul 
€861/286L 


881 
9€ 
Zt 
vi 


LL 
INO 


OS¢ 
87 
el 
O€ 


CG 
INO 


Blt 
[+ 
pt 
e- 
@) 
+ 
ct 
JON 


oo 
@) 
Q- 
O+ 
0 
c- 
it- 
}9N 


vee 
Sv 
oe 
Sk 
us 

V 


9} 
Ul 
6861/8861 
Ole 
6€ 
6 
ve 
9 
V 


vt 


UI 
c861/L 861 


Ibe 
vv 
6l 
Bt 


vl 
INO 


ove 
6€ 
Sk 
Bt 


LE 
INO 


oGt 
yet 
Ger 
6L+ 
or 
e+ 
Liat: 


19N 


Lot 
ohL+ 


OL+ 
t+ 
ct 
l+ 
JON 


L8¢ 
el 
6c 
ve 
Ol 
5 


co 
Ul 
2861/9861 
LLE 
vl 
SI 
6€ 
O¢ 
S 


Le 


Ul 
L86 1/0861 


Ge 
6€ 
Zt 
Sk 


Lo 
INO 


O6¢ 
L9 
61 
6c 
el 


vce 
INO 


eSl+ 
byt 
[+ 
Le+ 
colt 
v+ 
L+ 
JON 


8Gt 
Let 
l+ 
Lot 
e+ 
[+ 
c+ 
JON 


vee 
68 
Ge 
SV 
61 
ze 


61 
U] 
9861/S861 
c9E 
98 
Go 
vv 
Zt 
Ol 


vc 


Ul 
0861/6261 


‘sopesb |ye ‘sabe |\\7 ‘yes oluuapeoe papuny Ajsuaniun Aj|OUM 


‘216| JeqWadaq [LE JO SB jsOod UI }Je}S O} JOJO1 BYEP B//Z/6 | UeSA 
‘9‘g‘e sdnouB 9a4jU99 \s09 ‘Gg AioBayeo joelqns :aqus!10S 
‘9 dnoub a4ju90 1Ss09 ‘g AioHayed JOSIGns UIYIWM WO SOIeWAUEW :HulINdWOD Y solneweUle/\ 
'G dnoi6 a1jUgd JsOO ‘solpeWayUyeW PUB BoUAIOS |Bd!IHojOIg SnuIlW G AJOHeyed Joalqns :aoualos jeolsAUd 
‘€ dnoib 943U99 Jso9 ‘Gg AuoBeye9 JOalqns UlU}IM WO4} 
DOUIQWOD 9 ;e19UaBH JaYjO 9 AysiWaYoo!G 9 AWoyeue/ABojolsAyd 9 ABojooz 9 Auelog 9 ABojolq :aoualos jeoilHojoig 
‘p dnouB a4jU90 1s090 ‘py AioHeyeo joalqns :aousalos AJeUa}8A pue dIN|NoUBY 
‘J dnosO ayjuso 4so9 ‘¢ AioHayeo yoalqns :ABojouyos} pue HuveeulHuy 


‘SUONIUOQ 


(paysijgndun) psooey |edIISI}e1S SalISIOAIUQ :8O1NOS 








Pelee eect. opbcen = 7Ut 
GY Corea) were 
v2 lero ser Gl 
yh Bet) iG Gh 
7 efi {a Z 
€ y+ 6 G 
Zk Di cwmalOc Ol 
Ino. EN u| Ino 
G861/7861 
POG os ca eye eee O 
GS El= 7299 6l 
8} dz LL SL 
7 g- Ov 8 
ral or GL El 
6 e- 9 6 
ce Ake Bese ve 
Ino JON u| Ino 
6261/8261 


oGt 
Bet 
bt 
OL 
a 
Qt 

pa 

JON 


SP hs 
CA te 
p- 
ol- 
0 
gt 
Le= 
JON 


vS¢ 
69 
8k 
ce 
8k 
8 


oAt 
U] 
v86L/E86L 
90 
Sg 
SI 
6c 
8k 
LL 


2M 


Ul 
8Z61/ZZ61 


cO0e 
Le 
yd 
rat 


61 
INO 


L8€ 
c8 
CG 
ov 
8k 
S 
LE 
INO 


(e 


‘uoITesBIW JOU YAN 


sJoalqns |IV 
B0UAINS IV 


‘dwo0D 9 YreY\| 


‘IOS yeolsAd 

‘19S ‘|Olg 
"J8A 9 OUBY 
"yoe| @ ‘Buz 


sjoalgns II 
Q0UA!9S |I\V 


‘duo 9 Ye 


log yeolsAud 

19S ‘Old 
"JOA 9 “OUBY 
"yoo! 9 Buz 


6p eIGeL 





104 


80E+ GLY L9E Ecct EO Ocv eeet 89 SVE Stot 09S SVE Get LOV 6ve e8lt €0S Loe sJOalqns |IV 
8vl+ 9EFE 881 GSit Ive 981 cOct LSE SSI 96+ OS¢ vSl 6st Goo 991 60l+  O09¢ LSL S9USIOS IIV 






































Gt 8e ee elt vS LV St GL O¢ Get cS Zi Blt oe vi SL+ ve 6L ‘dwo09 'g Ye 
9Ol+ Ole vol 004+... -S6F S6 ZO; 861 L6 ogt cel 08 eot LE 801 vor SS L6 ‘19S yeoisAud 
Let. 88 LS ovt c6 OS Ort v8 vv 6+ 99 2g Blt oY vv Oe+ LZ LV ‘19S “Ol 
Olt Th v [+ vi el on LL G Sr Z cl Va € Z 0) S S "JOA 9 OUBY 
cet 868 OS 6+ Gz 99 Blt Lol ev 6L+ Z8 89 Blt 88 OL Lot €8 oY ‘yoo} 9 ‘Buz 
J8N Ul INO JON Ul INO 18N Ul INO JON U] INO JON Ul INO JON Ul INO 

6861/8861 8861/2861 2861/9861 9861/S86L S861/7861 vV86L/E86L 
Vi- SE L9E olt LZE 6SE Get cov LEE GlLéteLtS 96¢ cot c6E 69€ ZGl—-  €8e¢ OvV s}o9alqns |IV 
0 O8l O8l et ysl L8l 6Z+ L€¢ cSt JOkt, 196 SSI 8L+ c0¢ vst (a ie ert Sle 9OUAIOS |I'V 
vt CC Bl v= ras Lo jas Le Og Git ve 6 OL- cl oC St Lo el ‘dwog 2 yeY\| 
0) Oct Oc Ol- Oc O€l Com BSI SOL 6L+ 881 601 9E+ SVL 601 09~ 28 Lvl 19S yearsAud 
re BE ov Lit Lv O€ 61+ OV Lo olLt 6V LE Be Sv eS O¢- Ge SS ‘19S “Old 
o~ v 9 L- S g ot 6 vi L+ 6 8 0 8 8 ot vi cl "JOA 9 ‘OUBY 
i 89 = Pa Lt LQ vS vit ol 8S Svt v8 6€ OL- 6S 69 9S- 6€ S6 yoo} 99 ‘Buz 
JON U] INO JON Ul INO JON U INO JON Ul INO JON Ul INO JON Ul INO 

€861/2861 c861/L86L 1861/0861 0861/6261 6261/8264 8Z61/ZZ6L 





‘sepesb jye ‘sabe |v ‘els oluiapeoe paepun} AjIsJOAIUN JON (q 
‘uoesBIW Jeu YM SY OIQEL 





105 























266+ 996 6SS vEot ~ £18 veg eset S96 c8S 89E+ Vé68 9¢S 6Ect+ GGL OLS Veet: SLSL eS s}oalqns |IV 
O21 765 vce QSI+  98E O&¢ 9Ect OE v6L OV Lt SEE 661 [yet OES 861 Lvit 6c c8l QOUSINS IV 
6+ 6S OS Le res 09 LQ+ vOl Ze 9E+ ZL LV Syt vl 6c 9co+ AS) 9¢ ‘dwog 9 We 
GEL LeC Blt Z6+ Ole ELL 9c + CES 901 est fae v6 6S+ c8l cl 08+ 88h 80l lO yeaiskud 
cy+ §=686 9S cyt 66 ZS Cyt v6 LS Lot S8 v9 Lo+ €8 OV Ly+ 68 8V ‘IDS ‘}Olg 
Pee VE Z yr Sl vi 6+ zt 8 os Sl 9} 0 cl cl Ot &t Z “JOA Q OUBY 
vet G6 L9 LLt. L6 08 62+ evl v9 9ct 901 08 8L+ 86 08 BL + 66 L8 "4yo9} 9 ‘Buz 
JON Ul INO JON Uj INO JON Ul INO JON U| INO JON U| INO JON Ul INO 
6861/8861 8861/2861 2861/9861 9861/S861 S861/7861 v86L/E861 
8cl- 68L Z‘9 Lot L8S 809 90+ Gol 269 O8c+ O88 009 v- Lvl Gvl coc— 68S Lc8 syoalqns IV 
8c- 002 8c or €o¢0 4 €6+ 90€ Ele Setter Ze. Ole Gt 89¢ €9¢ 68- 60¢ 86¢ BOUSIOS IIV 
roms 6¢ LS Oh= 9¢ 9E Et CV 6€ cot 67 Zé Lie €¢ OV yr 6€ Se ‘dwo09 3 YEW 
OS LEL OSI Ve vvl 8Vl cot Z6L vel OOL+ cé?e col Bor S8l ZSl oF aps ZEL O61 10S yeolsAUd 
i hg OV LV LS. €S 9E ict 19 OV Slt 99 LS o> 09 99 O¢g- €S EL 19S “|Olg 
Ee g 6 o- 6 Gl yt vt Ol ot 6l Zt oe vi ZL 6+ 9¢ Zt "JOA 9 oUBY 
Co— 92 86 Or GZ G8 Lot cOl c8 Lvy+ 801 Lg co L8 €Ol 2 ne GS cel "yoo} 9 ‘Buz 
JON U] INO JON U| Ino JON Ul INO JON U| INO JON Ul INO JON Ul INO 
€861/c86L 2861/1861 1861/0861 O861/6Z61 6261/8261 8/61/ZZ61 
‘sopesb je ‘sabe ||\y ‘Gulpunj jo seounos |\\V 
‘uoeIBIW YOU YN 6b PAIGE L 





106 


ee ———————————————————————————— 


9l+ ve 8 vt cc 9¢ et Le 82 elt ve Lo Oc+ LE LL Sa vi cc sjoalqns |IV 




















6+ Lh Cc L+ 9 S he 6 v et Ol rs yes 6 Cc L- € v BOUSIOS IV 
Gt G 0 L- Cc € et 9 € ot Vv Cc |+ € Cc 0 L | ‘duo 9 ye 
ot v Cc ot v Cc 0 | | [+ € C vt v 0 0 Cc CG ‘IOS JeoIsAUd 
ot Cc 0 0 0 0 ot c 0 @) € € ot Cc 0 Ly 0 | ‘19S “Old 
|+ | 0 [+ L 0 ot v Cc 0 | L [+ A | ) 0 0 “JOA 9 OUBY 
L- 0 | L- c € 0 c c ot c | ot C 0 [+ c | "yoo |g ‘Buy 
JON Ul INO JON U| INO JON Ul INO JON Ul INO JON Ul INO JON Ul INO 
6861/8861 8861/Z861L 2861/9861 9861/S861 S861/r86l vV86L/E86L 
Lie. 9h Z ot Sl el Bt ve QI 0 9 QI vig 9¢ ce Vi= vi 8c s}oalQns |IV 
St S 0 L+ C L ot 2 v om 0 CG é- € S am v Z BOUAIOS I|I'V 
ot C O Soe ) L L+ € Cc Le 0 | o~ | € o— | € ‘dwog 9 ye 
ot € 0 [+ L 0 0 Cc c 0 0 0) L+ c | 0 CG C "19S Jeolshd 
0 0 0 [+ L 0 br | 0 L- 0 | ae 0 | L- L Cc 19S “|Olg 
0 0 0 + L 0) 0 0 0 L- 0 | ot Cc 0 0) 0 0 "JOA 9 ‘OUBY 
L+ Cc | ot Cc 0 vt g | L+ € CG ae € 9 ne 0 G "yoo | 9 Buz 
Eee Nd AN SU NO) ON GUO. WN | UL INO IeN oul” anu eNSO Ute Siang ess aa 
€861/c861 c861/L86L 1861/0861 0861/6261 6261/8261 8261/2264 


a  ——————_—_—__——_—___-aanrEnaEaEnEEEEE EEE EEE EE 


‘Bulpun Jo seounos je ‘sabe jy ‘siossejolg (Pp 
‘uoTesHIW 18U YM, 6" SIGE L 


EEE 


107 





a €¢ Le el- 6c ov 8c- CG OS Olt 8¢ 8k e] vl O€ vo- O¢ vv s}oalqns IV 















































2 v Ol i- € Ol a C el L- 9 Z oe 0 9g o- € 6 BOUAIOS IV 
oS L 9 | v = | S [+ € C ee 0 € ot € | ‘dwog 9 ye 
ine € v 0 c C Ss | v b= 0 | [= 0 | or 0 9 19S JeolsAUd 
0 0 0 ie 0 v v- 0 v 0 € € o~ e) Cc o~ 0 Cc ‘10S “Old 
l= 0 | iz 0 | 0 0 0 0 0 0 0 0 0 L- 0 | AB “oubBy 
ot c 0 yt a | ee L c 0 | | 0 € € [+ c | "yoo 9 ‘Buz 
JON Ul INO 1O8N U] INO JON Ul INO JON Ul INO JON Ul INO JON Ul INO 

6861/8861 8861/Z86L 2861/9861 9861/S86L S861/786l 7861/86} 
vo— Sk ov Lo- 8k 6€ Le- 61 OS Lt O€ LV Go- Le oS 6v- oF v9 S}O9Iqns |IV 
oo c 8 oe | ce o~ € g 8- C Ol i: v 9 Vox CG 6 QOUABIOS IV 
0 CG c v- 0 v b= | C o~ 0 c Ca c v S- 0 € ‘dod 9 Ye 
oS 0 a b= L Cc oc | € o- Cc g ot C 0 Go L € ‘19S JeolsAUd 
L- 0 | 0 0 0) Lr | 0 €- 0 € a 0 CG oe | € 19S ‘Old 
Le 0 | ee 0 S Ge 0 C 0 | | oT 0 CG 0) C C "JOA 9 OUBY 
e- L v i= Cc € a= 0 v o- c S o- CG 8 oe O 8 ‘yoo |g ‘Buz 
198N Ul INO JON Ul INO 19N Ul INO JON Ul INO JON Ul INO JON Ul INO 

€861/C86L c861/L86L 1861/0861 0861/6261 6261/8264 8Z61/ZZ6L 





‘Bulpuny Jo seoinos |\e ‘sabe || ‘Si9dunj}o9| JO|UaS/SsuepeeyY (2 
‘uo!TeJBILWW YOU YN 6"p F1qeL 





108 











OL9' LZ 20612 866 61 v96'SC PSC 92 862'S2 621 €2 LOS'Lé vOL'02 626 61 €€S'S2 9PE'6Z (40}BYJ29P QD) spunod 066! 
Eve' ve O€0'8t 7c9 St 9lL9'6L 928'81 ose Zt 960'S| 880'El 6Zr' LL O9€'6 eve OL veg'Ol J2}0] OHSS 
ESL’? OOL'S 000'2 000'2 00Z'| OOZ't UE. L9Z'L GEL Z00'} LOL'L L8e'L SOS|WAl¢ 
Ols'L 9LV Lv6 Les'e 68E'V SOL'y cly'y ZEL't Z99'€ LLO'E LSO'e vlee s6uipjing pue pue 7 
vLV'e 9092 208'1 S69'2 €g9'e Eve’? 9zS' 1 86E'l 918 vl9 €8S 99V uolenuueledng 
99E'9l 8r8'cl 7Z8'Ol O6E' LL 780'0l vE?'6 Lry'Z c6c0 9 c88'S L99'p Lyy's ELG'S UO!PE1}S|U| LWP 
OYAS 
pee el e9r'vl 82Z'SL €89'91 928'91 G69'SL 826'b1 9r8'Sl r90'EL 86r cl bbe6 ev 6 (ojeYyap dH) spunod O66 1 
LEL'9L vO6'lt Gce'ck vog'cl LOL'Zt ocl'Ol evl'6 979'6 evel gge's 802 ELE’ 1210} OYAN 
L9L'€ oss'e OLS'E 86L'E Ly8'c L762 91S'2 Ev9'c €0S°'2 L02'2 8lr'2 8le'L siauenbpes}] 
ZeL't L224 c6L'} LE6'1 Lig vO’? Llt2 vEO'? 708't Ze lL e/U e/u SOSIWSld 
80r'€ vel'l OF ag 992'2 806 Ee 0 0 0 0 0 0 Buuunjoniysey 
88r'2 09S OLE'L vel'l L8l'2 92S°2 cLO? vry'c PELE GEO'L LLG cvs Buipling MeN 
Or LoS €eS 61S Gc9 682 GZS 66V 907 9SE e/u e/u UOHED0/8Y 
L06'7 ovl'€ 60r'€ OS6'c alc €v0'? €0r'e 920'2 96E'L 0¢6 €g9 €S9 uolenuuesedng 
OYAN 
OL2'¢1 6ES'91 LLL'SL GOL'EL cre el 868 Cl r6S'EL 080'eL Lege 08S'rl 9S0'rL LZov'bh (40]}2Y2P GH) spunod O66} 
Zc0 EL ZlLO'EL v08' lt vSE'Ol 266'6 L18'8 €Z8'8 296'Z SZ6'9 208'9 8E9'S Lvl’ (210) OYUN 
g9e'Z c88'9 LL9°9 988'S 8r9'S 6rr'S ESL'S 688'r Elev 002'€ €29'C 8cr'e siayenbpeay 
866'€ LvO'S 989'€ S66'¢ €S6'2 602 189°¢ v6L'c 9012 8ZO'€ vSGc 69€'l Buipling MeN 
6S9'} 689'1 Z0S't Ely t 96E'L 890'1 EEO} 628 959 6¢cS LOV vre uolyenuuesedng 
OUW 
c9e'b cgge 668'¢ ~€02'¢ ELBe LLO'E G29 be’ c69'€ G8c'e 88C'E 6LVE (40}242P dg) spunod 066} 
Lvs'e 906‘E 9V0'E SLL VEL’? LOV'S 99E'2 Srl? Lv0'2 6ES'b 6LE'L 6€e' | 230} OHSS 
ZOZ AS) SEY 6ZS Lee uolenuuesedng 
Or’ 8c O€r'e 96S'2 LOV'2 LO‘? 99E'2 Svl'2 Lv0'2 6ES'} 6LE'l 67" | UOHNEI}S|U|WPY 
OUSSA 
£0662 919'S2 G6E'CE 9r6'LE €82'92 €or 'E? cZL8'Lé bbS'92 LS8'¢é C8L'bZ cv0'be 82z0'6L (40}eYEP daH) spunod O66} 
v9E'92 LOO'l2 90€'S2 SEL've SOzc'6t LOO'91 208'02 8SL'OL BALE) SOLO Le vv9'6 S68'9 1230] OYAV 
L8v'S LE6'e €80'Z L96'V ZLE'S ZlGsS gZEe'Z 8619 6€0'V 618'7 L88'y cv0'e sBulpjing pue pue) 
LrZ'St AS LOs’eL 80r'Sl 88E'0L €26'9 620'S €9v'e GLS'E 99E'S 61S'L 6r lt uolyenuuesedns 
ovl's 86E'r cov O9Z'€ Sos'€ 9IS‘€ Sve's Z6v'9 v9l'9 Gov vy7'e vOLl'2 UO!He1}SIULW PY 
OAV 





6861/8861 S86L/Z86l ZB6L/9B6L YBEL/S8EL S8EL/P86l PBEL/ES6L ESEL/Z8EL ZBGEL/I86l 186l/O86l O8EL/EZEL G6ZEL/8Z6l 8Z6L/ZZE1 
(SWU98] YSCO) YZ YOIESSdI JOSJI| UB] JOYJO SUS}! UO SuNjIPUSdx~a |IOUNOD YOIeESey so" BIQUL 








109 


‘QOUBUBIUIELU SEPN|OU! SESILUAId - QYAS °S8/PB6El [JUN UOeNuUBJEdNs sepnjouU! UOHeUJSIUIWPe - OQYSF 

‘s]soo Bulunjonujseu Jye]s Sepnjou! uOWenuUeJedns ‘sesuedxe [e4JUGO JAUYJO PUB P8/EREL [JUN UOITENUUBJEdNs SEpN|OU! UO!JEJ}SIUILUPE - OYA ‘S8}ON 
"$9}e PU JUAJ ‘SOSIWIAJd 

‘QINjIpUEdxe jeyIdeo BWOS PUE UOI}ESIUIIPe SEepNjou! Siaenbpee}H 


‘@INUSAxe JUBIINDAI [e1]UBO JAUJO PUB S]sOO HuluUN je1UdO ‘We]s YOIeasel-UOU Jo SeHeM PuUe SALES SEPNJOU! UO!ES|UILUPS :SUOUJEQ 





(P,]U0D) (SW8}] USeO) YZ YOIeSSSJ JOSJI|P UY] JAYJO SWS}! UO BIN}IPUEdxe |IOUNOD YOJeSSey = F"'G SIQUL 





110 


‘Ssnoaue||aosiw puke ‘AJSNPU! PU SAIWUEYO “JUSWLUSADD Y/) ‘S|IOUNOD YOJe9s9 SEPN|OUl JOEYIO 

"SQOJNOS JOUJO LOI YOIESSAJ JO} BLUODU! AySYSAIUN PUB SAC By} WO} YOJeSSel 10} BUIODU! OO/) O} S19jo4 ainypuedxe |ejO] 
QINIUSAXe JOU ‘BLUODU! 0} ajo SeuNBy , 

saounos sayjo Aq pepuNy asou} SEPNjoU! :}JeIS |e -OON euy Aq Ajjoym papuny jes S1@A0O :WWJ8}-BuU07 *Z' 7 91Ge} Wo eyed - WeIS 


‘6 QI} ‘||| SWINJOA YSN :eounos ‘Buueeulbue 
pue ainyjnouBe ‘(soeweyyew Buipnjoul) eoua!os U! $e4JUsO JSOO pue sjustuYedap Aq paind~es ‘SEdINOS OH/-UOU WO4} ‘sjoes]U0D Puke sjueIB YoIeasel AJUO SJBAOD - JBYUIO 


‘Ajuo ABojouyos} pue BuyeeulHue ‘aoualos jesnyen - OON 


:SUOMUHOQ 
ee 
6 0r 96E ber cer 8°8e bv 6S 2 6E bp 9E (IddN) spunod 0661 
ble 9 0r Ely 00r 998 r'Ze OLE 6 VE (iojeyap 
dg) spunod 066! 
G 9c vee ce ZOE 7°92 G'Sz cove ZL? WEIS I'v 
L 69 99 229 r'S9 06S £69 SAS) 60S (IddN) spunod 066! 
LOZ 299 L'99 619 L9G 29S 9bS 6 8r (uojeyap 
dg) spunod 066! 
8°19 GS QS 8'Or c OV v'8e 9°SE 8°62 yes Ww98}-6u07 


(used) WZ WJeIS JO JequuelW Jed aunyipuedxy 


a nn GS a ere 
GSO'l? - Ete be S88 '02 vc0 02 28261 7S9'8l vSy' sl BZZ Bl EIS [IV 
vry'cl LLO'EL 9SO'EL 626 ‘cl v99'cl E6E'Sh GeS ‘cl OLv'el \yeys W98}-Hu07 


Soot. 5 wo ee eos a ee ee eee 
VLE 69¢ vSc AG v8l BSL BEL BLL $}0e1JUOD PUB 
sjues6 youeasel JOYIO 
SSV Ovy Ocv 88E Gce BLE 80€ L8¢ «0OON 


(yseo) WIZ eunyipuedxe YyoJeesey 


aa Se 


6861/8861 8861/Z86L 2861/9861 9861/S861 S861/786l v861/E86l €861/c861 c861/L 864 


ee ee ee 
SdIJISIBAIUN AQ Ul BU@eU!BUe pue souUalosS JO SjUeWedEp U! jJe}s DiWEpeoe OUUI}-||N} JO JOQUUOWU jad ainyijpuedxe yolessoy =s'S OIQUL 


Oe EE ES Eee eee 


111 


suoday jenuuy OY4v :e0unos 





























%001 %OOL %O0L %OO0L %OOL %O0Ol %OOL %O0L %O00L %OOL pepun} je}o} 
% SB P9spUN Pslel-VV 
%6r %yG br %/P %BS %6S %6r LY Cr 1 [210] JO % Se peyel-V 
EL %LG %LS %EG %QL %19Q %OOL %O00L %OOL %OOL (anjen) 
papuny payes-y % 
(ows Gs l'y G's 87 v2 BE v'Y 61 Gz pepun} 
peyel-V7 JO anje/ 
96 g'OL Lg vO €'9 9'€ 6'E vv 6'L SZ payel-Vy JO anjen je}O] 
%EL LP %9G %BG %Q/ %69 %OOL %O00L %001 %OOL (4equunu) 
pepuny peyel-y % 
vZl 6 86 Al Aral SOL vel ZOL v6 COL pepunj 
pelel-V JO JOqUINN 
OL1 S61 Q/\ Zl7e meq cSk vel ZO\ v6 COL poyei-Vy Jequunu jejol 
VE %OZ %6L %GZ %CG %6Z Br %6S %GE GY (onjen) 
pepieme % 
OL one, L'y S's ST v2 6 vv 61 G2 pepseme ane |e}OL 
8°02 ele vl? Lz £6 v8 78 GL v's loge. suoleo|dde 
JO ON|eA je}OL 
%IE %9Z HS %1Z %Gr LY %6r LY AN LY (4equunu) 
peplieme % 
vz 6 86 TAL cv GOL vel Lie} v6 COL Spieme JO 


Jequunu je}o | 





Ove GSE LOv vSV vLe LSZ ive 822 922 8LZ suoljeol|dde 
JO JOQuUNU |e}O] 





8861/4861  Z86L/986l Y98El/S86l S86L/7P86l Pe86L/E8E6l E86L/286l CREL/I86l 186L/O86l O8G6lL/6Z6l 6Z6L/8Z6l 8261/2261 


Ousv (e) es o1qeL 
‘(SUU9}] USO ‘|Z Ul SeNnyeA) Bulyes BUdye pue spseme ‘suolyeol|\dde jueiB yoseesey «=g"G OIQUL 





112 


OUaV pue syOoday jenuuy OYSq :eounos 

ee ee ee eee 
%O0OL %O0O0l %OOl %OOL %OOl %OOl %OOl PSpuUN} |B} % 

Se pepun peyel-y 

a es 








%CG GV CG JE}O} JO % SB Psyes-V7 
ee ae ee Oe Fano me er es a ee eee A ee ee eee 
%GL %69 ML (anje) 
Pepun} Psjes-V % 
ve 6'¢ GV oG 8S vv cg pepunj peyel-y jo anjen 
a ee ot ee ee ee ee eee eee ts 
BOL: v9 GZ peyel-\y JO SNjeA |eJOL 
ee EE ee ee eee 
%lL VL %6L (4equunu) 
PepuUn} Psjes-V7 % 
90} 8cl O8t 98L ANG LZt V9E pepun} 


peyel-y JO JequINN 
ss a 


Goce Ove 6SV peyel-VYY JEQuuNU jejo] 
a ee a Se ee ee eee 
IC VEL %GC %LE %6C %GC GC CE VE %ES (anjen) 
pepieme % 
TEAS S< Gv cG rome Vv oG 9'7 o'7 oF PEPJEME SNI|PA |e}OL 
a a a a cE Pe ee eee ies ee 
O'EL 9'SL 6 Zt BOL 69L 0'0¢ & LL 6 0¢ cv GEL VIL suojeol|dde 


JO ANjeA je]oO] 
re rt ee Ee a ee 


%EE %OE %GE %6E LE MEE LY %GL %6r %8v (4equunu) 
pepieme % 
901 8Zl O8l 981 Zee yeas v9E SOE OLE vOe Spueme JO Jequunu |e}O] 
ew Be arg 
6LE cer OLS lly ELS 8z9 Zes 788 999 6rZ et9ie) suolyeo!|dde 


JO JOquuNu je}]O | 

I ee ee ee de ee i 
8861/2861  L861/986l YBEL/SBEL S8G6L/P86l PBGEL/E8EL E86L/Z86l ZBEL/LS6L I86L/O86l O8GL/6Z6L G6ZEL/8Z6L 8Z6L/ZZ6L 

a a Sy a Se ase aaa ee al ie a 

OHSS (4) e's e1qeL 

Se a re As Foe 


113 


sjues6 peroidde 0} Jaja1 payes-\ 10} SAIN BJOJOJOY} ‘Poyel-Vy JOU 19M sjuesB 83//86| S10Jeq :SO]ON 
sjuei6 sjoslosd 10} ave seunbi4 
‘ sJouenbpesH OY :e0uN0S 


te a ee 


%O0O0l %O0OL %O0Ol %O00l %OOl %O0O0l %O0O0l %O0O0l %O0Ol PSpUN} |e}O} % 
(anjen) 


pepun psyel-Vy % 
pepun} peyes-v jo enje, 


peace ym eee ee ee 
payei-y JO anjeA jejo, 


Ea a cc To ee 


%LB HY %ER %ER (4equunu) 
pepunj peyel-y¥ % 
ZOv LLy 6Er Lev ely GLS 6vS vZS 9ES pepun} payes-y JO JequUINN 
SOS Lv9 6cS vcS payes-y Jequunu je}o | 
%BE WE %BE WE %ZE %Ev %Or %IE EV (enjea) 
popJeme % 
L'Sk cel 9°02 SSL 8°02 fcc v'02 69L a Gl pepieme ane jejo] 
Llv vLs e's ges S79 BLS 80S L9Ov ESE suoleo|dde 
JO ONJeA [e}OL 
%LG Ly %8v %Gy %BE %EG %LY Gr %GS (4equunu) 
pepieme % 
LOv Ly 6Er Lev ely GLS 6vS vcs 9¢S spueme jO Jequunu |e}O | 
708 866 7c6 696 6Ec' | - 960'L QSL‘L LOL‘L L16 suoljeoljdde 


JO Jaquunu |e}OL 


EN EN aS a el ee Roe 


B86L/Z86  ZLEGL/986l YBGEL/S8EL SEl/PS6l VBEL/ES6l E86l/c86l c86l/L86l 1861/0861 O86l/6Z6l 6Z6L/8Z61 8261/2261 


da epee ee On ee en toe 
OHW (9) €°S eIGeL 


i a aa eee ERS 


114 


suodey jenuuy pue siguenbpesyH OYIN :e0un0S 


























%001 %O001 %001 %O0O0t %EOL %00l %66 %001 %001 %001 PapUNy |e}O} 
% Se papuN} peyel-V 
%GS %69 ML %VI %89 %09 REL %II WEY LG J2}0} JO % SB psles-vy 
VO MLV CE %6V WEE ALY BV %06 %SEL %86 (anjen) 
Pepun} psjel-Vyy % 
6S VS 6E Ze Ge OV rah ve OV Oe pepun} psjes-V7 jO anjeA 
c6 GLb rA! 92 Z Ol 09 i bee 8 Be L's Le Psyel-\¥ JO ONIEA [E}O] 
%S9 REG %CE VG %CE GL %LG %BL %GL %66 (4equunu) 
PapuUnN} Psles-VV % 
vel vSl SLL 8cl Oct O8l O91 9L/ Z9L 981 pepuny 
= peyel-\7 JO JOqUINNY 
LO0¢é 062 96¢ See SOE Ove CLE 9d¢ CCC 88l payes-y JEquuNU [e101 
%6C %BS WCC WVSE %0C %6C AOC OV %OV SV WLE (anjen) 

_ pepieme % 
6S v's 6. Lc Ge OV Le Ve OV O€ Ce? PEPJEMeE ANIBA |e}OL 
v 0¢ L6L BLL vSl c Zl BEL 9cl 912 O'OL Z9 L’9 suoleol|\dde 

; JO AN|eA Je}OL 
WYE MLE %BS GE %IC SV WBE WEG LV WIS” WLS (4equunu) 
pepieme % 
vel vSt SLL 8cl OL O8l c9l 9Zl Z9L 981 O8l SpJeEMe JO JOQUINU |e}OL 
LLE SLY LIV 89 OV Z6E Lov Ove vSE Lee GSE suoljeol|\dde 


JO Jequunu je}o] 





S861/Z86l  LE6I/986L Y8GEL/S86l S8G6l/P86l PBGEL/E86l E8EI/Z86l CBEL/ISEL |861/O86l OB8El/6Z6l 6261/8261 8261/2261 





OUSN (P) ©*s e1qeL 


a ——————————————————————————————————————————————— 


115 


waj}sks HBulpes6-eudyje 
9U} JOPUN SWOD JOU OP ‘sayesoJOSUIP jelIoeds Aq YIM Yeap SeWLWUEIBOJd Pa}oaJIP YIM PSUBOUOD JO ‘pyeOg SoIsAyd Jea|ONN ay} Aq pessesse suolyeol|dde jues6H youeesay , 
suodey jenuuy pue siguenbpeeH OHS :eounoS 



































MLL %ZQ MLL %OL yl %Q/ %EL %Q/ pepun} |e}0} 
% Se PspUN| pslel-V/ 
%9r %Gr %Ov %8r %Ev %Gr %EV %/y [210] JO % Se poyes-y 
%6S %EG %B/ %B/ %GL %6L W/L %EE : (anjen) 
pepuny payer-y % 
O'eL Les Z'89 Z'8S LLY 62S 8°ZS €'9r pepun} peyei-Vy Jo enje, 
O21 | OOL 6'98 O'S L’€9 62 6°89 lL 6v peyei-y JO anjeA je]o] 
%GO %09 %08 %08 %Q/ %Q/L %QL %1L6 (4equunu) 
pepunj peyel-y % 
6EE'L SSr'l 8gZ‘L L69'L 78s‘l veg'| Lvp'h 9Ss‘L pepun} paeyel-y JO JequUNN 
9S0'z cer'z Are SLL'Z 980'Z 9E1'Z Z68'| vLZ'L peyel-y Jequunu jejO] 
xSNOILVOINIddV GSAd0V¥D T1V 
MEE %GE LY %EE %OE %BE WLE %6Y EV Ev %GS (anjen) 
pepieme % 
6 cr 9°E?1 v'8cl 9001 S08 S'Sg eZ SLL 8'8r S’z9 6'ey pepseme anjed jejo! 
Peer LSE v9OLe L-SSz Lez 6922 €'S6L L'8SL Zo VL 6 er €'08 suoneol|dde 
JO ON|eA je}OL 
eV pr %LG %LG pr %Gr %Gr %9G %GG %CS %ZO (4equunu) 
popieme % 
788‘ Z9E'Z ELS‘ Qlz'z ey re IvL'z 086'| Lv0'Z Z68' | Zlv'z €8g'l  spueme JO Jequunu |e}0] 
ELS‘ cov's v68'r 69E'r Lv8'v 9SL'7 Zlr'v rg9'e 69r'e Gz9'rv er0'S suoeol|dde 


JO JEquUNU |e}0 1 





SNOILVONMddV T1V 





S861/Z861  LE6I/986l YQB6L/S86l S8El/rP86l VBEL/E86l ER6I/Z8El CREL/ISEL {186l/O86l O8EI/EZ6El 6ZEL/8ZEl 8Z6l/ZZ6L 





OHSS (8) e's eIqeL 





116 


Table 5.4 (1) First destinations of first degree graduates from UK universities 
by class of degree: primary classification 





a) Disciplines: Engineering and technology 














Graduation Class of Total Total of Permanent Home research 
year degree graduates known and short- or academic 
destination term home study * 
employment 
1 903 876 516 58.9% 192 21.9% 
2i 1,982 1,888 1,242 65.8% roiaes aKepow- 
1978 2 ii 2,615 2,459 1,743 70.9% 233 9.5% 
All classes 8,645 8,026 5,356 66.7% 884 11.0% 
1 852 815 489 60.0% 183 22.5% 
2 i 2224 Zales 1,340 62.4% 294 13.9% 
1980 2 ii 3,043 2,808 1,816 64.7% 200 7.1% 
All classes 9,507 8,788 5,344 60.8% 812 9.2% 
1 954 928 524 56.5% 185 19.9% 
2 | 2,678 2,531 1,528 60.4% 386 15.3% 
1982 2 ii 3,364 3,085 1,886 61.1% 225 7.3% 
All classes 10,284 9,444 5,425 57.4% 907 9.6% 
1 1,083 1,049 700 66.7% 189 18.0% 
2i 2,806 2,687 1,953 72.7% Sila males ge 
1984 2 |i 3,551 3,291 2,263 68.8% 249 7.6% 
All classes 10,542 9,766 G52 66.7% 854 8.7% 
1 1,141 1,093 724 66.2% 200 18.3% 
2 2,964 2,827 2,091 74.0% S24 lt Yo 
1985 2 ii 3,381 3,102 2,210 71.2% 2E3 7.5% 
All classes 10,284 9,457 6,500 68.7% 844 8.9% 
1 1,078 1,058 693 65.5% 180 17.0% 
21 2,608 2,485 1,745 70.2% 329 13.2% 
1986 2 il 2,880 2,668 1,920 72.0% 192 7.2% 
All classes 8,730 8,086 5,447 67.4% 759 9.4% 
1 1,082 HOSS 681 64.7% 178 16.9% 
2i 2,627 2,500 ieee 70.9% 288 11.5% 
1987 2 ii 2,918 Pek: 1,946 71.5% 184 6.8% 
All classes 8,801 8,188 5,558 67.9% 732 8.9% 
1 edo 1,068 667 62.5% 191 17.9% 
21 2,839 2,689 1,943 72.3% 290 10.8% 
1988 2 il 3,019 2,780 1,938 69.7% 203 7.3% 
All classes 9,114 8,419 5,658 67.2% 758 9.0% 


* Postgraduate degrees or further degree-level study; excludes PGCE and other training 
Source: Universities Statistical Record (unpublished) 
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Table 5.4 (1) First destinations of first degree graduates from UK universities 
by class of degree: primary classification 


b) Discipline: 


Graduation 
year 


1978 


1980 


1982 


1984 


1985 


1986 


1987 


1988 


Science 


Class of 
degree 


1 
2 | 

2 ii 

All classes 
1 

2 | 

2 il 

All classes 
1 

2 

2 il 

All classes 
1 

2 i 

2 ii 

All classes 
1 

2 i 

2 ij 

All classes 
1 

2 i 

2 ii 

All classes 
1 

2 i 

2 ii 

All classes 
1 

2a 

2 ii 

All classes 


Total 
graduates 


1,511 
a 7a 
4,475 

14,377 


1,403 
3,899 
4,646 
15,093 


1,558 
4,449 
5,300 
16,552 


1,798 
ey VAG) 
5,584 
17,407 


1,928 
5,370 
5,609 
17,500 


1,932 
5,730 
5,502 
16,158 


1,947 
5,881 
5,439 
16,386 


1,983 
6,072 
5,315 
16,214 


Total of 
known 
destination 


1,461 
3,559 
4,098 
13,220 


1,359 
3,700 
4,253 
13,892 


ots 
4,224 
4,796 
15,032 


1,732 
4,925 
5,051 
15,909 


1,867 
5,079 
5,001 
15,825 


1,867 
5,385 
4,940 
14,689 


1,895 
D)979 
4,950 
15,073 


1,931 
93710 
4,798 
14,852 


Permanent 
and short- 

term home 
employment 


482 33.0% 
1,578 44.7% 
2409 | 09:9% 
6,995: 52.9% 


433 31.9% 
1,514 40.9% 
ZO Om LO dc 
6,445 46.4% 


447 29.4% 
1,598 37.8% 
2,280 47.5% 
6,229 41.4% 


663 38.3% 
2,363 48.0% 
2,932 58.0% 
8,087 50.8% 


fe 2 598:9% 
2,600 51.2% 
3,004 60.1% 
8,431 53.3% 


699 37.4% 
2,738 50.8% 
3,031 61.4% 
7,837 53.4% 


734 = 38.7% 
21037 oU9 Je 
3,100 62.6% 
8,191 54.3% 


797 = 41.3% 
2,908: ~50:9% 
Blo Oerlas 
8,150 54.9% 


Home research 
or academic 
study * 


820 54.3% 
1,386 37.1% 
486 10.9% 
3,039 21.1% 


TAN GEES Ge 
1,377 37.2% 
448 10.5% 
Exe) VANE 


119° Slav 
1,477 35.0% 
477 9.9% 
3,119 20.7% 


842 48.6% 
1,704 34.6% 
500 9.9% 
3,313 20.8% 


893 47.8% 
1,616 31.8% 
537. 10.7% 
3,328 21.0% 


918 49.2% 
1,702 31.6% 
Soil leleade 
3;219. 22.3% 


896 47.3% 
1,719 30.8% 
553. «11.2% 
3,310 ~22.0% 


843 43.7% 
1,699 29.8% 
576 12.0% 
3,22 ONee Ipiio 


* Postgraduate degrees or further degree-level study; excludes PGCE and other training 
Source: Universities Statistical Record (unpublished) 


a i, ee eT oe 
Table 5.4 (1) First destinations of first degree graduates from UK universities 
by class of degree: primary classification 


c) All disciplines 

















Graduation Class of Total Total of Permanent Home research 
year degree graduates known and short- or academic 
destination term home study * 
employment 
1 3,847 3,690 1,463 39.6% 1,559 42.2% 
2 i 16,475 15,247 7,642 50.1% 3,203 21.0% 
1978 2 ii 22,366 19,977 ii Soome Or .Ove 12d 5.6% 
All classes 63,056 57,094 32,608 57.1% 6,685 11.6% 
1 Onon 3,586 1,446 40.3% ibjsleloy s eotohalive 
2 | 17,665 16,390 7,618 46.5% 2,953 18.0% 
1980 2 ii 24,076 21,404 10,922 51.0% 1,044 4.9% 
All classes 67,368 60,962 31,966 52.4% 6,174 10.1% 
1 4,055 3,878 1,483 38.2% 1,409 36.3% 
2 | 20,300 18,747 8410 449% 3,105 16.6% 
1982 2 ii 25,776 22,819 10,934 47.9% panne: 4.9% 
All classes 71,872 64,547 31,696 49.1% 6,426 10.0% 
1 4,609 4,373 2,037 46.6% 1,507 34.5% 
21 22,526 20,627 HOM Cm 52:29 3,294 16.0% 
1984 2 ii 25,739 22,635 12,404 54.8% 1 tO 4.9% 
All classes 72,973 65,377 36,445 55.7% 6,534 10.6% 
1 4,868 4,623 P55 46.6% 1565) 5" Gs:9% 
21 22,854 20,953 11,484 546% 3,149 15.0% 
1985 2 ii 25,072 21,960 eye Gay Pe 1.155 5.3% 
All classes 72,046 64,330 87,166 "57.89 6,492 10.1% 
1 Salon 4,932 2,264 45.9% 1,660 33.7% 
2 i 24,489 22,548 2-315) ae 4-696 3,466 15.4% 
1986 2 il 24,495 21,636 12,549 58.0% 1,210 5.6% 
All classes 69,923 62,802 36,589 58.3% 6,664 10.6% 
1 S23 4,978 2,348 47.2% 1,661 33.4% 
2 | 25,736 23,630 12,978 549% 3,449 14.6% 
1987 24 24,698 21,849 13,006 59.5% 1,214 5.6% 
All classes TASTE 64,496 38,304 59.4% 6,722 10.4% 
1 DiDOG 5,280 2,509 47.5% 1,594 30.2% 
, 2 i 21,201 2a oS 3 OSG mo D:076 3,590 14.3% 
1988 2 ii 24,570 PATA OW 12,645" 58.3% 1,288 5.9% 


All classes 72,589 65,525 38,573 53.1% 6,750 9.3% 


* Postgraduate degrees or further degree-level study; excludes PGCE and other training 
Source: Universities Statistical Record (unpublished) 
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Table 5.4 (2) First destinations of first degree graduates from UK universities 
by class of degree: employer category 


a) Disciplines: Engineering and technology 


Graduation Class of Total Industry * Commerce ** 
year degree permanent 
home 
employment 
1 B12 447 87.3% VY 3.3% 
2) 1,226 1,030 84.0% 46 3.8% 
1978 2 ii 1,716 1,427 83.2% 73 4.3% 
All classes 5,261 4,401 83.7% 201 3.8% 
1 488 410 84.0% 19 3.9% 
2i hess 1,129 84.4% TA 5.3% 
1980 2 il 1,803 1,516 84.1% 715 4.2% 
All classes 5,288 4,452 84.2% Zan 4.5% 
1 520 434 83.5% 22 4.2% 
2 i i tents 1,260 83.2% 87 5.7% 
1982 2 ii 1,848 1,508 81.6% 126 6.8% 
All classes Daeo 4,325 81.2% 354 6.6% 
1 698 616 88.3% 40 5.7% 
2 i 1,942 1,606 82.7% 159 8.2% 
1984 2 ii SMT 1,836 82.4% 161 7.2% 
All classes 6,417 5,244 81.7% Billi 8.0% 
1 724 609 84.1% 58 8.0% 
2i 2,080 1,739 83.6% 154 7.4% 
1985 2 ii 2,178 1,776 81.5% 178 8.2% 
All classes 6,412 222 81.4% 536 8.4% 
1 689 564 81.9% 56 8.1% 
2i The? 1,418 81.6% 166 9.6% 
1986 2 ii 1,894 1,477 78.0% 193 10.2% 
All classes 5,362 4,225 78.8% 529 9.9% 
1 680 520 76.5% aaltl eS 
21 1,756 1,306 74.4% 288 16.4% 
1987 2 il 1,918 1,429 74.5% 252 13.1% 
All classes 5,478 4,063 74.2% 802 14.6% 
1 653 503 77.0% 103 15.8% 
2 i 1,899 1,459 76.8% 288 15.2% 
1988 2 ii 1,896 1,454 76.7% 249 13.1% 
All classes 5,566 4,263 76.6% 766 13.8% 


* Agriculture, forestry and fisheries; oil, mining, chemical and allied industries; engineering and allied 
industries; other manufacturing industries and industrial services; building, civil engineering and 
architecture; public utilities, transport and communications 

* Accountancy; banking, insurance and finance; other commerce and commercial services 

Source: Universities Statistical Record (unpublished) 
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Table 5.4 (2) First destinations of first degree graduates from UK universities 
by class of degree: employer category 








b) Discipline: Science 
Graduation Class of Total Industry * Commerce ** 
year degree permanent 
home 
employment 
1 468 219 46.8% 143 306% 
2 i 1,441 700 48.6% 289 20.1% 
1978 2 ii 2,195 1,046 47.7% 435 19.8% 
All classes 6,324 Slee 49.4% 1,405 22.2% 
1 429 206 48.0% 128 29.8% 
2i 1,457 664 45.6% Oi a 20.9% 
1980 2 ii 2,108 985 46.7% 511 24.2% 
All classes 6,165 2,926 47.5% 1,624 26.3% 
1 444 203 45.7% 137 30.9% 
2 i (ante 623 41.1% 412 27.2% 
1982 2 ii 2,121 877 41.3% 612 28.9% 
All classes 5,860 2,421 41.3% 1,781 30.4% 
1 657 287 43.7% 264 40.2% 
vat 2,166 939 43.4% 683 31.5% 
1984 2 ii 2,760 W203 43.6% 880 31.9% 
All classes 7,655 3,293 43.0% 2,541 33.2% 
1 719 318 44.2% 281 39.1% 
2 i 2,489 1,039 41.7% 842 33.8% 
1985 2 ii 2,820 1,119 39.7% 966 343% 
All classes 8,020 3,252 40.5% 2,840 35.4% 
1 684 285 41.7% 257° +=37.6% 
2 | 2,607 915 35.1% 978 37.5% 
1986 2 ii 2,805 931 33.2% 1,018 363% 
All classes 7,345 2,501 34.8% 21300 olor 
1 724 274 37.8% 334 46.1% 
2 i 212A 918 33.7% 1,063 39.1% 
1987 2 ii 2,911 1,006 34.6% 1,139 39.1% 
All classes 7,747 2,646 34.2% 3,107 40.1% 
1 782 283 36.2% 368 47.1% 
2 i Me 994 36.1% 1,037 37.6% 
1988 2 ii DIKES | 1,055 38.3% 1,013 34.7% 
All classes 7,641 2,810 36.8% 2,944 38.5% 





* Agriculture, forestry and fisheries; oil, mining, chemical and allied industries; engineering and allied 
industries; other manufacturing industries and industrial services; building, civil engineering and 


architecture; public utilities, transport and communications 


** Accountancy; banking, insurance and finance; other commerce and commercial services 


Source: Universities Statistical Record (unpublished) 
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Table 5.4 (2) First destinations of first degree graduates from UK universities 
by class of degree: employer category 


c) All disciplines 


Graduation Class of Total Industry * Commerce ** 
year degree permanent 
home 
employment 
1 1,387 749 54.0% 272 19.6% 
2 | 6,896 2,574 37.3% 1,624 23.5% 
1978 2 il 10,058 Ch fete) 37.3% 2,600 25.9% 
All classes 29,651 10,381 35.0% 6,338 21.4% 
1 1,416 706 49.9% 345 24.4% 
2 i 7,246 2,650 36.6% 2,286 316% 
1980 2 ii 10,272 3,724 36.3% 3,445 33.5% 
All classes 30,501 10,153 33.3% 8,195 26.9% 
1 1,458 734 50.3% GAZES 57a 
2 | 7,997 2,698 33.7% 2,685 33.6% 
1982 2 ii 10,161 SOA TE 33.2% 3,520 346% 
All classes 30,115 9,108 30.2% 8,615 28.6% 
1 1,995 1,019 51.1% bol Zn 6e 
2 | 10,207 3,549 34.8% 3,424 33.5% 
1984 2 ii ir ieayeye 4,217 36.6% 3,870 33.6% 
All classes 34,517 11,259 32.6% 9,904 28.7% 
1 2,102 1,039 49.4% 632 30.1% 
2 | 10,859 3,836 35.3% 3,709 34.2% 
1985 2 ii 11,730 4,023 34.3% 4,173 35.6% 
All classes 35,309 11,187 31.7% 10,524 29.8% 
1 2,202 1,016 46.1% 674 30.6% 
2 i 11,680 3,695 31.6% 4,486 38.4% 
1986 2 ii 11,664 3,708 31.8% 4,393 37.7% 
All classes 34,645 10,100 29.2% 11,084 32.0% 
1 2,304 962 41.8% 866 37.6% 
2 i 12,324 3,637 29.5% 5,024 40.8% 
1987 2 ii yea wals 3,769 31.1% 4,772 39.4% 
All classes 36,365 10,107 27.8% 12 O44 si oe.Ore 
1 2,243 99 40.9% 908 37.2% 
2 i 13,055 3,943 30.2% 5,366 41.1% 
1988 2 ii 11,670 3,853 33.0% 4446 38.1% 
All classes 36,441 10,628 29.2% T2190 eos ove 


* Agriculture, forestry and fisheries; oil, mining, chemical and allied industries; engineering and allied 
industries; other manufacturing industries and industrial services; building, civil engineering and 
architecture; public utilities, transport and communications 

** Accountancy; banking, insurance and finance; other commerce and commercial services 

Source: Universities Statistical Record (unpublished) 
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Table 5.4 (3) First destinations of first degree graduates from UK universities 
by class of degree: type of work 


a) Disciplines: 


Engineering and technology 








Graduation Class of Total Research Management 
year degree permanent and research and financial 
home support * services 
employment 

1 Sit2 271 52.9% 34 6.6% 

2 | 1,226 593 48.4% 69 5.6% 

1978 2 il ietke: 795 46.3% 103 6.0% 
All classes 5,261 2,452 46.6% 320 6.1% 

1 488 364 74.6% 24 4.9% 

2) ipso 898 67.2% 76 5.7% 

1980 2 ii 1,803 1,159 64.3% 98 5.4% 
All classes 5,288 3,518 66.5% 289 5.5% 

1 520 406 78.1% 20 4.4% 

on Aisin fs) 1,040 68.6% 103 6.8% 

1982 2 il 1,848 1,220 66.0% 113 6.1% 
All classes Dj920 3,568 67.0% 337 6.3% 

1 698 543 77.8% 45 6.4% 

2 i 1,942 Upsisss) 69.7% 176 9.1% 

1984 2 ii Peet 1,500 67.4% 208 9.3% 
All classes 6,417 4,313 67.2% 580 9.0% 

1 724 541 74.7% 67 9.3% 

2 i 2,080 1,458 70.1% 180 8.7% 

1985 2 ii 2,178 1,449 66.5% 209 9.6% 
All classes 6,412 4,296 67.0% 606 9.5% 

1 689 514 74.6% 79) Siebve 

2 | Whos 1,191 68.6% 219 12.6% 

1986 2 il 1,894 AReOn 65.0% 224 11.8% 
All classes 5,362 3,562 66.4% 631 11.8% 

1 680 449 66.0% 126 18.5% 

2i 1,756 1,130 64.4% 300). 17.4% 

1987 2 il 1,918 1,148 59.9% 282 14.7% 
All classes 5,478 Sye eh 60.8% 841 15.4% 

1 653 442 67.7% 106 16.2% 

2i 1,899 1,190 62.7% 340 17.9% 
1988 2 ii 1,896 1,129 59.5% 299 15.8% 
All classes 5,566 BIGOL 60.2% 884 15.9% 





* Scientific and engineering research, design and development; scientific and engineering support 


services 


Source: Universities Statistical Record (unpublished) 
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Table 5.4 (3) First destinations of first degree graduates from UK universities 
by class of degree: type of work 


b) Discipline: Science 


Graduation Class of Total Research Management 
year degree permanent and research and financial 
home support * services 
employment 
1 468 154 32.9% 225 48.1% 
2 | 1,441 581 40.3% 484 33.6% 
1978 2 il 2,195 814 37.1% 740 33.7% 
All classes 6,324 2,194 34.7% 2,424 38.3% 
1 429 168 39.2% 196 45.7% 
2 i 1,457 570 39.1% 495 34.0% 
1980 2 ii 2,108 784 37.2% 733 34.8% 
All classes 6,165 2,186 35.5% 2,342 38.0% 
1 444 168 37.8% 216 48.6% 
2 i 1,517 541 35.7% 591 39.0% 
1982 2 ii Pale 674 31.8% 783 36.9% 
All classes 5,860 1,825 St1% 2,325 39.7% 
1 657 208 31.7% 3665 55.776 
2] 2,166 758 35.0% 913 42°2% 
1984 2 ii 2,760 847 30.7% 1,160 42.0% 
All classes 7,655 2,296 30.0% 3,343 43.7% 
1 719 239 33.2% 395 54.9% 
2 i 2,489 806 32.4% 1,085 43.6% 
1985 2 ii 2,820 853 30.2% 1;203: “A2s7%% 
All classes 8,020 2,363 29.5% 3,586 44.7% 
1 684 236 34.5% 336 49.1% 
2) 2,607 751 28.8% 1,162 446% 
1986 2 ii 2,805 702 25.0% W212) BASI2% 
All classes 7,345 1,940 26.4% 3,304 45.0% 
1 724 216 29.8% 401 55.4% 
2 i PLT 766 28.2% 1,213 446% 
1987 2 ii 2,911 835 28.7% 1,280 42.3% 
All classes 7,747 2015 26.0% 3,473 44.8% 
1 782 248 31.7% 414. 52.9% 
2 i ARS 771 28.0% 1,186 43.0% 
1988 2 ii Zor 741 26.9% 1,157 42.0% 
All classes 7,641 2,027 26.5% 3,362 44.0% 


* Scientific and engineering research, design and development; scientific and engineering support 
services 
Source: Universities Statistical Record (unpublished) 


124 





Table 5.4 (3) First destinations of first degree graduates from UK universities 


by class of degree: type of work 
c) All disciplines 


Graduation Class of Total Research Management 
year degree permanent and research and financial 
home support * services 
employment 
1 1,387 435 31.4% 369 26.6% 
2 i 6,896 1,258 18.2% 1,672 24.2% 
1978 2 ii 10,058 1,701 16.9% 251 lame). 6% 
All classes 29,651 4,860 16.4% 6,698 22.6% 
1 1,416 546 38.6% 379 26.8% 
aa 7,246 1,580 21.8% 1,922 265% 
1980 2 ii 10,272 2,029 19.8% 2,873 28.0% 
All classes 30,501 5,971 19.6% 7,240 23.7% 
1 1,458 591 40.5% 408 28.0% 
21 7,997 1,681 21.0% 2,276 28.5% 
1982 2 ii 10,161 1,991 19.6% 2,655 26.1% 
All classes Sieh late, 5,637 18.7% 7,038 23.4% 
1 1,995 770 38.6% 600 30.1% 
21 10,207 Po pxske. 22.1% 2,920 28.6% 
1984 2 il 11,527 2,439 21.2% 3,231 28.0% 
All classes 34517, 6,884 19.9% 8,641 25.0% 
1 2,102 794 37.8% 701, § 33.3% 
2 i 10,859 2,390 22.0% O20 Unive 
1985 2 ii 11,730 2,404 20.5% 3,404 29.0% 
All classes 35,309 6,923 19.6% 9,246 26.2% 
1 2,202 804 36.5% LAN SAG 
2 | 11,680 2,205 18.9% 3,926 33.6% 
1986 2 il 11,664 2505 18.6% 3,605 30.9% 
All classes 34,645 6,150 17.8% 9,625 27.8% 
1 2,304 Wea Culnch(s 840 36.5% 
2 i 12,324 2,170 17.6% 4,084 33.1% 
1987 2 ii Waals 2,119 17.5% 3,745 30.9% 
All classes 36,365 5,988 16.5% 10,183 28.0% 
1 2,443 rhe 30.7% 868 35.5% 
Atl 131055 2,242 17.2% 4,246 35.2% 
1988 2 ii 11,670 2,096 18.0% 3,491 29.9% 
All classes 36,441 6,020 16.5% 9,997 27.4% 





* Scientific and engineering research, design and development; scientific and engineering support 


services 
Source: Universities Statistical Record (unpublished) 
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ANNEX A: PRICE INDICES 


We used two separate indices to adjust cash figures to constant 1990/91 pounds, excluding the 
effect of inflation. 


(i) GDP deflator 

Data for the GDP deflator were taken from H.M. Treasury note SPE/M/0002/001, dated 20 
March 1990, recalculated to 1990/91 = 100.000. From 1989/90 onwards, the data used were 
adjusted to eliminate the distortion introduced by the move from domestic rates to the 
community charge. 


The following index was used. 


1977/78 36.237 
1978/79 40.113 
1979/80 46.849 
1980/81 55.443 
1981/82 60.873 
1982/83 65.268 
1983/84 68.314 
1984/85 71.707 
1985/86 75.550 
1986/87 78.116 
1987/88 82.304 
1988/89 88.166 
1989/90 93.897 
1990/91 100.000 
91/92 104.750 
4992/95 108.416 


The figures imply annual inflation rates of 6.5% in 1989/90, 6.5% in 1990/91, 4.75% in 
1991/92 and 3.5% in 1992/93. 


(ii) Universities Pay and Prices Index (UPPI) 

Data for the UPPI deflator for all recurrent items were taken from University Statistics 1988/89: 
III Finance, appendix III, recalculated to 1990/91 = 100.0. UPPI is currently calculated at two 
points each year (January and July), but practice has varied in the past. The actual month is 
therefore indicated in the following description of the UPPI values used in this report; the 
month chosen is the nearest available to the midpoint of the April - March financial year in 
question. 


1977/78 (July) 31.6 
1978/79 (November) 35.6 
1979/80 (November) 41.1 
1980/81 (November) 54.2 
1981/82 (November) 58.4 


1982/83 (July) 61.6 
1983/84 (July) 64.8 
1984/85 (July) 68.1 
1985/86 (July) 71.5 
1986/87 (July) 76.2 
1987/88 + (July) 84.4 
1988/89 (July) 89.4 
1989/90 (July) 95.7 
1990/91 (July) 100.0 
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APPENDIX 3 


OTHER CONCERNS EXPRESSED BY THE 
SCIENTIFIC RESEARCH COMMUNITY 


Academic salaries 


1. Increases in the pay of university academic staff generally lagged behind that of other 
professional groups in the decade from 1978/79. For example, the stipend of the typical 
university lecturer, taken as 39 years old, increased by only about 10% in real terms (page 3 of 
Appendix 2) compared to an increase in the index of non-manual earnings of 35% (Department 
of Employment figures). 


2. Although salaries at fixed points on the age-wage scale have varied little, the average age 
of academics has increased substantially over the decade and salary costs have remained a major 
element of the financial pressure on budgets despite the constraints on salary levels. 
Notwithstanding the drop in the number of UGC/UFC funded academic staff from 1981/82 
onwards, an increasing proportion of UGC/UFC funding has still been spent on academic 
salaries since 1982/83 and this trend seems likely to continue. 


Other budget pressures 


3. For all the Research Councils, superannuation costs have also risen noticeably over the 
period covered by the SEPSU study (table 5.1). In addition, both they and HEIs have had to 
meet increased costs from reconstructing and upgrading buildings to meet new fire, health and 
safety regulations. These demands have increased, leaving proportionately less of the total 
budget to be spent at the research ‘coal-face’. 


4. The effects of pay and other budget pressures are reflected in the UPPI index. As 
previously noted, if this index is used rather than the GDP deflator the increases in DES 
funding have little more than kept pace with the increases in costs over the period 1977/78 to 
1988/89. 


Equipment costs 


5. The ABRC has reviewed the current state of equipment in HEIs (all universities and a 
representative sample of polytechnics). The review, which was conducted by Policy Research 
in Engineering, Science and Technology (PREST) using a questionnaire technique, suggested 
that 86% of currently used equipment was at least adequate. This equipment was mainly 
supplied by funds from the UGC/UFC (46%) and the SERC (29%), other Research Councils 
and industry. The replacement value of the equipment was estimated to be £624m. Of this, 
41% was less than 5 years old and 37% was over 10 years old. 


6. However, only a minority of department heads considered themselves well-funded by 
international standards and the general opinion of respondents to the survey was that at least an 
extra £260m was required to support current research and a further £200m to equip future 
programmes. The main concern of researchers was that the cost of renewal plus necessary 
enhancement had increased much faster than the rate of general inflation, although this is hard 
to prove. For example, a rough analysis from the PREST Report, based on age and 
replacement cost, indicates that costs have risen at about the same rate as the retail price index. 
However, if the calculation is made on the basis of enhanced state-of-the-art equipment which 
is needed to maintain competitiveness, there is probably an additional cost over inflation of 5- 
10%. 
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7. The development of new techniques using sophisticated equipment has proceeded most 
rapidly in the biological science areas and funding for equipment there has caused particular 
problems. 


8. Some respondents indicated that it was not large equipment they needed but more support 
for smaller items and consumables, ie for spending which was, then, most obviously to be 
supported from UGC/UFC funds. Even so, and in spite of all these difficulties, some 
respondents also indicated that they would give a higher priority to new staff than to new 
equipment. 


Unfunded alpha-rated proposals 


9. Table 5.3 shows that the Research Councils are unable to fund all the alpha quality 
research proposals which are submitted to them. For all the Research Councils in 1980/81, 
86% by value of alpha-rated research grants were funded. By 1987/88 this had fallen to 62%. 
In many cases unfunded projects are of course re-submitted, and others still may go ahead on 
the basis of funding from UGC/UFC sources or external sources. It is therefore difficult to 
generalise on the impact of diminished first attempt success rates. An SERC study of alpha- 
rated projects between 1985/86 and 1988/89 indicated that, taking account of resubmissions 
and non-SERC funding, only 20% of such applications were ultimately not successful. The 
number of unfunded alpha-projects could also be a sign of the vigour and discrimination of the 
Science Base, emphasising still further that those projects which are selected are very good. In 
a Parliamentary Answer (22 January 1990, Col 493-4) the total value of the alpha-rated 
research grants funded for all five Research Councils was given as £185.5m. A further £87.5m 
would have been required to fund all alpha-rated applications in 1988-89 — some of it in grants 
to researchers with other successful applications. 


Research Council spending on the Councils’ own Laboratories and 
Institutes 


10. Another concern which is frequently raised is the proportion of Research Council 
expenditure which is spent in the Councils’ own Laboratories and Institutes. The work done 
in the Institutes, which mainly concerns AFRC and NERC, is not addressed further in this 
report, (although we note that the AFRC has announced a plan to increase the proportion of 
its core science budget spent in HEIs from 17% in 1988/89 to 30% in 1994/95). However, the 
SERC Laboratories, which exist to support research performed by HEIs, are necessarily a part 
of this discussion. The SERC figures on page 44 (Appendix 2) show that HEIs use a very high 
proportion of the time available on the Laboratories facilities (between 67% and 94% 
depending on the facility). Furthermore, the expenditure by SERC in its own Laboratories as 
a proportion of that spent in HEIs fell from 90% in 1977/78 to 45% in 1988/89 (Table 3.3). 
Despite these facts, there remains a concern over whether too much SERC money is being 
used to support its own Laboratories. The introduction of a common accounting base may 
assist future assessments of the value to HEIs of establishments with large facilities. 


Size of research grants 


11. There is concern that compared with ten years ago there may now be fewer small grants 
and less support for young scientists who have not established themselves sufficiently to obtain 
a Research Council grant. To some extent the gap has been filled by grants from charities and 
similar organisations, as well as by the Royal Society research grants scheme (figure 3.1). This 
scheme, which began in 1989 and which will be reviewed during the three years of initial 
funding, awards grants up to a normal maximum of £10,000. Also, both AFRC and NERC 
have undertaken initiatives to meet the special needs of young or new researchers. There are 
no figures to show whether changes in the availability of small-scale support have had a 
negative influence over the ten year period, but it remains an issue that still causes anxiety and 
which deserves further attention. 


More dirigiste research funding 


12. There has been an increasing trend in the Research Councils towards funding proposals 
for ‘directed’ programmes. Many researchers are concerned that this may favour proposals of 
poorer quality than responsive mode proposals in ‘undirected’ areas. However, such areas are 
chosen in close consultation with the scientific community and often reflect the emergence of 
new scientific opportunities (eg protein engineering). They may, therefore, attract the most 
adventurous scientists, also following their own inclinations. The identification of such 
programmes, within which resources may then be allocated in the responsive mode, is also an 
important element of research selectivity. The figures for the SERC show that over the last few 
years the proportion of grant funding between undirected and directed programmes has been 
at a ratio of around 1:1 for the Science Board and 3:7 for the Engineering Board. 


13. There are also concerns that increased funding of the Science Base from industry and 
Government departments might lead to more dirigiste research programmes since such funding 
will normally be aimed at achieving objectives set by the company or department. However, 
such support can lead to valuable interaction with industrial scientists, and work aimed at 
improving the scientific understanding of industrial processes is an important part of technology 
transfer. 


Relative decline in support for basic science 


14. Dependent upon the research policies adopted by the HEIs, there are concerns in some 
quarters that an increased proportion of Science Base funding being provided by industry could 
lead to an increase in applied research at the expense of basic or pure research. It could also 
create an imbalance in the type of basic research performed in favour of those areas which are 
of most interest to industry and charities, although to some extent the Research Councils can 
counter this tendency by placing more emphasis in other areas. Increases in funding from 
industry should therefore be seen as a valuable addition to, but not a substitute for, sufficient 
public funding of basic research. 


Relative decline in support for core science 


15. There is some evidence of a relative decline in recent years in the Science Base funding 
for core sciences; the proportion of SERC funds allocated to its Science Board having declined 
from 32% in 1980/81 to 27% in 1988/89. However, 27% still represents a rise from the 
1977/78 figure which was only 23%. The perception of a decline in support for core sciences 
may therefore arise more from the erosion of the dual-support system, as noted above, than 
from any policy changes. 


Ageing of university staff 


16. The skewed age profile of permanent university staff (Figure 4.4(ili)) is a matter for 
concern in all subjects despite the alleviation following the New Blood Scheme and the New 
Academic Appointments Scheme (the first year of which led to a lowering of the average age 
of staff, with an increase in the proportion under 35). The increase in average age is most 
pronounced in scientific faculties (figure 4.4(1i)). This could have been expected to have an 
adverse effect on the quality of scientific research. No evidence for this has been apparent, 
perhaps because of the effect of increasing numbers of young, short term, staff funded from 
non-UFC sources (figure 4.2(v)). 


Migration of academic staff 


17. Data on migration of academic staff show that in every year since 1983/84 there has been 
a net inflow into the UK. By grade, however, there are marked differences and there is a 
consistent outflow of staff in the reader/senior lecturer grades. There is no evidence of a net 
loss of professorial staff. In fact, according to the latest USR figures in 1986 there was a net gain 
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of such people. However, there are difficulties in compiling figures on the migration of 
academic staff and they do not include, for instance, postgraduate students who take up their 
first academic appointment abroad, some of whom return later and appear in the statistics as 
part of the inflow. There also remains a concern over the loss of a relatively small number of 


key people. Further work on this issue might therefore be needed. 


APPENDIX 4 


THE CASE FOR INCREASED PUBLIC 
FUNDING OF UNIVERSITY RESEARCH 


Background 


1. Whether measured in terms of staff numbers or total research income, the UK Science 
Base has undoubtedly grown over the past decade. However, the way in which it has grown 
has placed undue strains on the funding of universities and is of considerable concern. It could 
be argued that universities have invited their problems by committing themselves to too much 
research given the resources at their disposal. However, it is neither practical nor desirable 
drastically to reduce the volume of academic science. It is in the national interest to restore the 
balance of resources compared to research activities and to ensure that procedures are 
introduced which will maintain that balance. 


Figure F - University Research Income - 
Proportions from Various Sources 
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2. As Government funding of the rapid expansion of academic science slowed in the 1970s, 
universities were encouraged to seek additional funding from other sources and have enjoyed 
considerable success in doing so. This is illustrated in Figure F which shows income received 
by universities (and which therefore excludes Research Council expenditure in own 
establishments). The proportion of university research income from these other sources is now 
twice that received from the Research Councils. The contribution to research from 
UGC/VEFC sources has also fallen from 82% of universities’ total research income in 1977/78 
to 68% in 1988/89, and looks to fall further. 


3. In order to carry out the growing volume of research funded from non-UFC sources, 
many more short term research assistants have been employed by the universities. These extra 
staff draw upon the university for support activities, such as computing, workshops and other 
central facilities, as well as amenities such as power, telephones, and office and laboratory space. 
In many cases the university administration has had to expand to process the increasing number 


135 


136 


of research contracts. The increase in staff numbers has inevitably involved refurbishment of 
existing buildings, and even capital expenditure on new ones. The difficulties caused by the 
strained infrastructure are experienced by all staff: 


4. The indirect costs of contract research are difficult to quantify and the recovery rate, 
although improving, has been poor. Indeed, the recent CVCP/ABRC study raised doubts as 
to whether even the full direct costs have been adequately covered. This will need to improve 
sharply, the more so if account is to be taken of the recurrent and capital costs of new and 
existing buildings. 


5. In effect, all research contracts have been subsidised by UGC/UFC funds, and the 
consequent loss of financial flexibility to universities has been considerable. 


6. Better and rapid recovery of indirect research costs will therefore help greatly to prevent 
further damage to the research infrastructure. Even so, more financial assistance will be needed 
to restore university laboratories to the well-found state, and to meet the costs of numerous 
legislative requirements of the last decade. The arguments that follow in favour of additional 
funding are not mutually exclusive. They give rise to a range of estimates of increases in 
Government funding of academic science that may be desirable. 


7. Many current issues concerning the management and organisation of science will 
undoubtedly persist in future years. The public debate has addressed, and must continue to 
address, the difficulties of meeting rapidly changing scientific priorities within a constrained 
envelope of resources, and in particular the need for: 


(a) | continuing selectivity in funding to ensure that target areas are properly supported; 
(b) research staff to change fields more readily; 


(c) better use of personnel, and planning of their careers as well as changes to terms and 
conditions of employment; 


(d) more efficient administration and more accountable financial management of research 
activities; 


(e) a greater diversity of organisational structures as HEIs develop niche positions. 


UGC/UVEFC funding for research 


8. The element of UGC/UFC funding estimated to have been spent on scientific and 
technological research in 1979/80 was £683m in 1990 pounds (£320m in cash terms). This 
increased to £735m in 1987/88, but dropped back to £690m in 1989/90 and was planned to 
fall to £600m by 1992/93. These figures do not take account of any transfer of funds from the 
UFC to the Research Councils. The 1992/93 figure of £600m is £135m below the peak 
figure in 1987/88 and £83m below the 1979/80 figure. 


Recovery of indirect costs from Government departments 


9. Government departments have typically refused to pay much, if anything, towards the 
indirect costs of the research they commission from universities. In 1988/89, the total income 
received by universities in the form of research grants and contracts direct from Government 
departments was £105m. At the 60% overhead rate recommended in the Hanham Committee 
review, this implies an underpayment by the departments for services rendered of up to £63m 
per year. As indicated previously, we believe that this underpayment should be remedied by the 
Government departments concerned paying full costs in future. If they cannot or will not, then 
compensating increases from HEFC sources may be desirable. 


Unfunded alpha-rated science 


10. The extra sum that would have been needed by the Research Councils to fund fully their 
alpha-rated grant applications in 1988/89 was £87.5m. However, given the continuing 
growth in scientific opportunities, it may be that not all alpha-rated grant applications can be 
so supported. Furthermore, some unfunded alphas are eventually funded, either by 
resubmission of the grant application or from some other source. This implies that the actual 
shortfall is less than the £87.5m. At the same time, the problem may be under-stated because 
of self-denial. Academics in some fields are no longer applying to the Research Councils for 
grants because they believe their probability of success is now so low; others may be increasing 
their applications to improve their chance of success. 


Health and Safety and other regulations 


11. A number of new regulations require HEIs to undertake significant investment in new 
equipment and building alterations. For instance, the UFC has estimated that a sum of £70m 
will be required by universities for compliance with the Animals (Scientific Procedures) 1986 
Act. The DES had agreed to make some provision towards these additional costs, although the 
balance would need to be found from UFC Funds. 


12. University buildings have always been subject to building regulations (including those 
relating to access for the disabled). No additional capital resources are given for this purpose, 
and as the regulations are extended or made more onerous, the cost of compliance increases, 
and the resources available to the universities are stretched even further. A similar effect is 
occurring with other legislation, such as: 


(a) Control of Substances Hazardous to Health (COSHH 1989); 


(b) Code of Practice for the Prevention of Infection in Clinical Laboratories and Post- 
mortem Rooms (HOWIE 1979); 


(c) The Health and Safety at Work Act; 
(d) Legislation regarding the Means of Escape and General Fire Prevention/Precautions; 


(e) New British Standards on various products and procedures eg these relating to fume 
cupboards; 


(f) The Electricity at Work (1990) Regulations. 


13. Changes in working practice such as those required by the need to comply with Good 
Laboratory Practice (GLP) may also increase the operating costs of performing research in 
certain areas by, for instance, requiring a minimum number of people to be present in a given 
laboratory while work is in progress. 


Equipment 


14. The survey of academic research equipment referred to in paragraphs 5 and 6 of 
Appendix 3 suggested that £260m of additional equipment would be needed to support 
current British research at the world-class level, and a further £200m to enter planned new 
areas of research. Whilst these figures represent asserted rather than proven requirements, they 
suggest that some increase in funding for equipment is desirable. 


Studentship Awards 


15. In 1989/90, the total number of studentships (for both PhDs and one-year Master’s 
degrees) funded by the five Research Councils was about 13000. The average studentship 
award stood at £3725 (exclusive of special allowances); this contrasts with the figure of £7331 
paid to postgraduates funded by the Wellcome Trust. The Wellcome Trust has also adopted 
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the practice of giving incremental increases to postgraduates in their second and third years 
whereas Research Council studentships are not differentiated by year. 


16. The cost of increasing the Research Council studentship award to the level paid by the 
Wellcome Trust would be £47m to cover all students, or £36m to cover research students 
only. To introduce an award pay-scale so that research students received increments of £500 
in both second and third years would cost an extra £5m. 


Value Added Tax 


17. The CVCP have estimated that the recent rise in the rate of VAT to 17.5% will add 
£35m to the annual operating costs of UK universities. 


Public expenditure on the Science Base as a proportion of total national 
wealth 


18. It could be argued that the share of the total national wealth invested in the Science Base 
should not be allowed to decline. 


19. Over the five years from 1980/81 to 1984/85, the average total DES funding for the 
Science Base stood at 0.324% of the GDP. Over the following five years, the average fell to 
0.293% of GDP. The Science Base has therefore not benefitted proportionately from the recent 
growth in national wealth. By 1992/93, we estimate that the national contribution to the 
Science Base will have fallen to around 0.25%. 


20. If total DES funding for the Science Base had been maintained at 0.324% of GDP then, 
in 1989/90, a sum of £1623m would have been needed — £159m more than was actually 
provided. 
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